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iniKFAC'K TO TllK TKNTll KDITION. 


Nb-Vh^y two (li'ciulos liiivo I'liipsod siiici* (lu» notlior, in tin- 
first oflitioii of tlio pivsi-iit work, oanu'silv tlio Aiiu-rnan 

j)rori.‘Ssioii to ivaliy.i' that tlu> <hictU‘ss }:1alul^. llion^l)! \)y inanv 
at tfic tinio, h> lie ('illior vi''ti>:ial or at least, useless orpins e\en 
tlu)n;rli nnu-li valuahh- stiuly had heeii de\ot»Ml tofheni in Ihirope. 
carried on hodily I’unetions which would ultimately transt’orin the 
whole field of praetieal niedieine. Only now is it ln'-riiiuiii” fully 
to be recopni/ed that medical projiress as a whole has heeii handi- 
cajipecl through tin; non-recognition of these structures, a hu h 
steadily are asserting their right to he i-la-sed w ith major oreaiis, 
the lioart, lungs, liver, etc., uiion which all our labors have so 
far rc*i>osetl, 'rheir ahsonee has seemed especially ohseiiring pre¬ 
cisely where our role as physicians has demanded tlu' greate.-t 
light, e.//., the pathogenesis of di-ease and therapeutics. 

So emphaticallv has the eonueetiou heiweeii th(> internal 
secretions and commonplace diseases tho.se met evervdav in 
practice—asserted itself reei'utly that even though the precedin'.'’ 
edition, the ninth, appeared hut one year ago, it v»as dieined 
urgent, owing to the material aid it would allord, hi i-siie a new 
edition in which additional information would lu' luriii-hed. 

The newer matter is incorporati'd mainlv in the liist volume 
in the lirst and sev't*nth cha]it»‘rs. 'riiesc contain, in addition to 
the many diseases either descrihe<l in lull in hoih volumes, or 
summarized in the supplement, heginning on page l''''■.^l, or re¬ 
ferred to in the section on Organotherapy, heginning on page 
TOO—ahoiit two hundred disorders altogether an aiialvliial re 
view based, in most instances, upon the authors own experience 
in oyer sixtv diseases, .\s thesi' iiieliide several ol the death 
dealing morbid jiroeesses with which niaiikind has to contend, 
stress need hanlly he laid upon their im)iortaiice. 

It is shown therein that the author’s interpretation of the 
functions of the main endocriiis, the adrenals, tlivroiil. pitnitarv 
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and pancreas, as lirst described in tlie present work in has 
not only stood tlie test of time, but that they alone liamiuni/c the 
views of iiivestijratoi's wliose data, when (‘omjiared, are tlioiiglit 
to be disconlant. The role of the adrenals and the aid their 
preparations afford are indicated in many disorders. As re¬ 
gards cardiac disorders the newer niattc'r belonging solely to the 
jiractieal fiold includes: The senile heart, the arrhythmias, the 
adreno-cardiao failure of infections, the neurocardiac asthma of 
masturbators, the adolescent heart, auricular fibrillation, auricu¬ 
lar flutter, heart block and sinus arrhythmia; in respect to pul- 
inonary disonlers: senile jnieumonia —which contributes greatly 
to the mortality of lobar pneumonia because the importance of 
the adrenals in its patliology is disregarded—lironcbial asthma: 
as to the renal system: anuria, acute and ehionic nephritis, 
awites and serous etfusiims; as to the general infections: 
.\siatic cholera, choleraic diarrhea, typhoid fever, pneumonia, 
bronchopneumonia, iiiHuen/a, pernicious malaria, scarlatina, 
mciisles, septicemia, crA’sipelas, anthrax and gaseous gangrene. 

The defensive nMe of the thyroid, now fully rei-ognized in 
I'hirope, but neglected in this country' to the great detriment of 
many sulferers, is emphasivied by recent contributions to the 
literature of (he subject. Besides tlie familiar cndoerinu|>athies 
of the myxedematous type, the intliicnce of the organ and its 
preparations upon migraine, urticaria, eczema, enuresis, catar¬ 
rhal disorders, alopecia, metn»rrhagia, leucorrhea. abortion, 
rheumatism and arthritis deformans are reviewed. The impor- 
tanc(! of the thyroid in pulmonary tuberculosis and the jiossible 
prevention <tf this disea-e by timely intervention are emphasized 
aiu‘w on the basis of additional evidcnec. 

The participation of the |ianereas in the defensive func¬ 
tions is not. only sb<»wn to have bwn sustained by others, but also 
to explain, when acting in harmony with other (tndocrins, the 
thyroid gland particularly, various obscure processes, benetieial 
if acting within normal bounds, as exemplified by fever, harmful 
when its edicieney cxi-eods certain limits, as in hypertliermia. 
'I'his morbid pwM'css, long ago urged in the present work, is then 
shown to prevail in endocarditis and its evil consequences, val¬ 
vular disonlers, and many other diseasea such as pleurisy, peri- 
cai'ditis, jieritonitis, diabetes mellitus and insipidus, hepatic cir- 
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rliosis, ai'iitp voIIdw nlroiiliv. ani.vloid lixor am! similar oomli- 
tions, soiiip of wliii-li are aiii|ililicMl in the spvmitli i liaiilor. 'Plic 
latlor also i-outaiiis a ooiuprolumsive study nf dcinoiitia pnocox 
xvhioli owing to tlie iiipnioionpy of oiirativo inoasnn’s, is sending 
lifteeu tlioiisund ehildren to tlie asylums every year and re¬ 
views of otlier tlistirders of t.he nerv«Mis system, siu-lt as talies 
dorsalis, aeiite myelitis, etc-;, all in their relations to the endo- 
eriiis and their tr(‘atm(>nt. on non-em|>irieal lines, thi' author's 
])aramoiint aim. 

In addition to thi‘ tdiove. various ii<1jnstments iind lines of 
evitlenee have het*n introdiieed in the seeond volume. Uoth 
volumes, mon*over, xvill 1 k‘ found to contain all the new features 
introduced last yetir in the ninlli eililioii. the preface of which 
ftillows the present one, stt as to enable the reader to gaiiue the 
rapiditv with which th(* tnidtH-rins an* asserting their ehicidalise 
influence u|)<tn general practice and llu*riipeiitics. 

( iiAiii.Ks Iv in; M. Sa.ioi s. 


Pliilildclptii.n, 'Dim*., 1021. 
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Ix tlift first edition (IDiKt-lSUlT) tlu- aiitlior siiinnitted per- 
Boiial iiiterprelatiojis of tlie I'linctions of various eiidocrin glands 
whieh seemed to him to warrant the protlielion made at the 
time, that these orjians woidd modify profonndlv oiir i-oiu-ep- 
tion of praetieally all diseases. 'Phe hearin;; i)!’ this predic-tion 
was illustrated I)y analyzin-j tlie syin|)lomatol«)<;y, patho;;enesis 
and trc'atment of many disea-^es, anti therapeutic ajrents. I'nlil 
then, the iliseases of the duetli*ss •'lantls thenistdvts. Atidison's 
and (Jraves's diseast-s, myxeilema, cretinism. acron\e-ial\. ami 
others had alone riveivetl attention, while the inllueiice of the.-c 
oi-jrans on the diseases we meet in every day practice had heeii 
overl(a)ked. 

In keeping with all innovations which are thtnighl to dis- 
tui1) orthodox knowledge, the newer interpnslations suhmiltt-d 
failed to gain sup|M)rt at first. Yet. secti was heing sown ami 
the idaiit linally began to Idooni. 'Phis was t-xpcctetl to tHiiir 
some time, even though tartlily, hecaiiM- Ihi- nitslc of work pur- 
suetl practically insured it. \o one more than the author recog- 
ui»‘S the commanding value of experimental demonstration; hut 
if one grants such importance to niic set of experiments, one 
must admit that many such experiments, ///'/// sa\. Iiy ditrereiit 
com])etent men working in kimln-d lines of n-search iniisl prove 
lifty times more relia.l)le, when co-ordinated, as a foumlatioii 
for a sound conclusion. Particularly must tliis he the case when 
each experiment is analyzed ami controlled througli that great 
source of light, thi- clinical or practical lield. 'Phis latter fea¬ 
ture was especially availahle t<» the author, who, besides acti\e 
]iract.ice and tlu- constant drilling t4) which a teacher is siili- 
jeeted, had revised ten limes the entire li»-.ld of medicine for 
Ids AmiiioJ of lln‘ I’nirersnl Mt'ilirnl Scicinr.'t and its smeessnr, 
the .[iiitlijlir ('nrloiipjlui of Prnviical Mnlhiiir. Iiefore he wroti- 
Infernal Serrelions. 

That hiuuan disea.s<-s are themselves superlativi-ly instructive 
as sources of physiological data has been emphasized l»y a great 
]>hysiologi8t.. Professor Pawlow, who wrote in this connection: 
‘"The world of ])athological phenomena is nothing hut an eml- 
less series of the most dilfereiit and unusual coiiildnation- of 
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piivsiolo^ical oeciim'iic-cs wliich never make tlieir appearanee in 
the normal course.of life . . . It is an interlinking of 

events the like of which,” hei ailds, “could never enter into the 
mind of the jiresent day physiologists,” Tt was as a clinician, 
therefore, with the aid of all colluterul <lata lie <-oiild collet't, in¬ 
cluding those afforded by physiology, besides personal laboratory 
work in anatomy, histology and biodieinistry, and his current 
work as a practitioner, that the author reachcil the conclusions 
submitted. 

Ill the jiresenf edition the author adduces evidence sliowing 
that jdiysiologists have independentI3' continued what seemed 
at one time almost heretical views, viz., conceptions of functions 
either dilfering totally from those generally taught in text¬ 
books of physiology, or which so far had remained wholly ob¬ 
scure. 'I'he far ri'aehing meaning of these concei)tion8, pre¬ 
cisely where pnictical medicine has faileil to dei-rease mortality, 
may l)e illustrated by a few examples:— 

The great function of pulmonary rcsiiiration, even as now 
taught in text-books and schools, had been found defective for 
over fifty years by several leading physiologists when the pres¬ 
ent work first appeared; but none had discenieil the true proc¬ 
ess. 'I'lic author pointed out that it was the secretion of the 
adrenals which toitk up the oxygen of the air in the lungs and 
thus caused luemogloliin to be I'onvertetl into oxyluemogloliin. 
IMiysiological experiments by others fully confirmed this c(m- 
clusion. liriefly, the a«lrcnals proved to be the organs which, 
through their secretion, enabled the venous lilood to lie converted 
into arterial blood. Have we not in this the very soul of all 
fuuctious. normal and pathological? liuleed, it became evident 
that the adrenals not oidy snslained life as fundamental organs 
(tf pulmonary respiration, general oxygenation and metabolism, 
but also that they took a direct part in the processes that pro- 
lerl life. Cellular oxygenation determining the activity (»f 
cellular function, and onr defensive enzymes, antibodies, etc., 
being cellular products, <lo not fliietuations of tlie functional 
activity of the a<lrenals, which govern oxygenation, correspond¬ 
ingly intluenee defensive ellieieney? 

Such being the ca.se, we should be able to govern our de¬ 
fensive functions, if, through our drugs, we could iutlueiice the 
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lU'tivity of the atlreijals. In the lirst edit ion, the autlior showed 
that several remedies ]irodueed their henelieial elh'ets hv stiinu- 
laliiijr thm; orpins. One cd' onr most familiar ilriip;. strveh- 
nine, for instanee, wa.s one td‘ tliese. Iiwentlv. Stewart and 
Jfopdf 1‘onnd experimentally that therapentie «lo'es til' strveli- 
iiine aetnally eansed a marked and histin^ inerea.'-e in the pro 
(hietiun of the adrenal .'eeretion. Do we not |Miss«j|^'.. in thi> 
aetion—and this ajiplies to other familiar reinedi«*s - a t'nierinn 
thron>;h wliieh we ean, at will, inllnenee ilisorders *>r metah- 
olism in whieh oxygenalion is detieient? Its use in the eon 
valeseenee of intinen/a and many other dis«trders < learl\ illus¬ 
trates this faet. 

Yet oxygenation represents hvit one phase of metaholisin. 

of eellnlar aet.ivity, ihrongh whieh onr did'ensixi* n'sonrees 
are inllneneed. 'I'he thyroid a))paratns was also sliow n. in tin- 
lirst eilition, to take an aetixi* part in onr defensive fiinetions 
ns a eomponent of the systemie antitoxins or alexins, liesides 
)>artiei])ating in tiu‘ eataliolie phase <d' general inelaliolisin. 
This view has liki'wise heeii eonlirnied liy various hairopeaii 
experimenters. Here again, wi' lind ourselves in the preseine 
of a systvanie opponent of diseas«> tpiiu* within onr pharniaeo 
logieal eontrol. 

Ismg ha.s it l>een known that when all elsi- fails in most 
ehronie pro«-ess<‘S, the ioilides will prove henelieial. Is not 
every oin* today familiar with the faet that it is hv enhaneing 
the fnnetional aetivity of the thyroid apparatus, that ioiliiie 
and the ioiliiles produce their curative elTeets? 

'Pheso few examph's among the many that could he suh- 
initted, .‘■erve hut to indicate the vast horizon that the first edi¬ 
tion of the present work opened for the development of clinical 
medieine to the ho el id' a ss-ieiiee worthy of the name (the 
seieneo that jireventive nu'dieine is growing to he) partieularlv 
in the field <d' theiapeutii-s. If anv one douhts the tirrit rd 
development in this direction, he ha- hut to aepiiaint himself 
with the actual status of the one hraneh of elinie:d medieine 
through which the practitioner is exi>ected to relieve sulfering 
and i-nre the siek. 

.\t the dawn id" the pre.stmt century, one of our fon-mo'l 
elinicians, Idmvellys K. Ilarkc'r, of ,Johns Hopkins, wrote that. 
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tlierapc'utiey wiis luuribuiid; eight years later SollmaiiUj our 
foremost pharmacologist, wrote “at present it cannot be classed 
as an art nor as a science; it can only be classed as a con¬ 
fusion.’’ 'J’oday tlicraiieutics has been virtually eliminated 
from the curricula of practically all our larger medical schools. 

Wliat this means does not seem to have been apprehended 
l)y those upon whom rests the rcsjHmsibility of deciding such 
(picstions. They overlook the fact tliat by allowing therapeutics 
to disai)j)ear from the list of subjects taught they are insuriny 
the iFoom of medicine ilself. Indeed, even empirical therapeu¬ 
tics, tliat of the day, is at least based on v»is.t exjierience and 
oltservation, and affords material relief in suffering and often 
saves life. Virtually deprivetl of this knowledge by medical 
schools, graduates of the future will increasingly realize tliat 
their livelihood will no longer be earned honestly, unable as 
limy will find themselves to meet the needs of those who, grant¬ 
ing them unmerited confidence, will appeal to them for medical 
aid. Honorable men will increasingly abandon a career so little 
in ke(‘ping witli their true aims, leaving the field open to the 
unscrupulous, the Christian Scientist and cults of all kinds. 
'I’he phenomenal development of all such in recent years em¬ 
phasizes already what the future has in store, if legitimate 
tJicraiicutics is allowed to die. 

It was with due reserve tliat nearly two decades ago the 
aiillior submitted the o|>inion that it was because the internal 
sivrctions were overlooked in disease and tlierajieutics that the 
latter was losing its hold, lie urged that the immense aggre¬ 
gate of pharmacological luid clinical knowledge had not been 
accumulated in vain, and that therapeutics lacked only, when 
carefully co-ordinateil and analyzed, the light that the internal 
secretions would cast upon it, to remove it delinitely fnuii the 
field of einpirici.sm. ’I’oilay, sustained by the autliority of 
niuture practical experience juid analytical study of the whole 
lield of medicine eipialcd in scope by no living man, the author 
has no hesitation in reiterating not only this assertion but what 
he likewise stah^l at the time, that it iras through the inter¬ 
mediary of the internnJ necreliomt, that most of our remedies, 
chemical and jdiysicaJ, yrodiued their curative effects. 

It is not through organotherapy that therapeutics caft be 
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placed where it riglilh- lielongs. Orjianie extnuls in la»l. niv 
but the ishotluws, often iinperfeei .iinl Miinetiiues inert, iif llu‘ 
ductless ghuids they are snpjuisi'il to represent, 'riiev an-, liow- 
ever, serving a useful juiriMise in that they are alfonling at 
least an insight into tJie manner in which the eiuloerins inlUieiue 
disease either morbufly or Ix'iic/it iallif. In conjunction witli 
the diseases of the i‘mloerins themselves, (iraves's. .\ihlist)n's. etc., 
organotherapy is only, as viewed hy the author, one of tin; many 
sources of information ca|>ahlc under careful scrutiiiv, of fur¬ 
nishing materials—hrieks and mortar- -for the linal elalioratiou 
of a medical edilice wortliy of the name—a medicine from 
which guesswork and em])irici.sm will forever he liauishcd. 

The initial elTorts in the ilirection of tlii^ far rcacliiiig 
purpose were suhmitletl in the first- edition of the present work 
and develojied in the suci-eeding editions. SU‘a<lil_\ and in¬ 
creasingly, as jneviously stat(‘d, it is being found out- that llie 
author's concejitions can stand the lest of time wliile pillars ai’c 
being placed—unwittingly often—under llie edilice he lla-u ten¬ 
tatively erected. 

The present or ninth edition, besides n‘vi(*wing the present 
status of the ])hy.siology of all imdocrins, the variiais diseases to 
which they are liable, and their i-rde in tlu‘ mental ilelicieiicies 
of eliihlren, all as interju'etcil by the author, al.-o laki-s up the 
subject of organotherapy. The one huiulred pages devoted to 
tliis subject, however, portrays the experieiu-e ol others, i.r.. <d a 
large number of clinicians. ,\ll this expi‘rien<-e, aual.v/.cd by the 
author, will enable the r(*iMler to grasp readily the iiimliis 
operaudi of the glands in many diseus«-s, and |irepare him loi’ 
the wjutents of the secoiul volume in which all processi’s i-oii- 
ceriied are fatlioined more, deeply. 

The second volume, Imilt u|mhi the foumlal ion slarle<l hy 
the first, ])ortrays the manner in vvhii-h the i-ndocrins ebu-idale 
our umlerstaiuling of di.seas*! and therapeutics. I be simplei 
principles of drug action arc illustrated by tlu' lillv most im- 
jjortant ivinedics in use; while their applieation in praeliee. 
u'itk the endorrinx iiitrrmi'diitries is explained vvilli the aid ol 
thirty-five of those of our major iliseases vvhieli most i h-arlv are 
influeiiecd hy tlie eiuloerins. Importaiil in this ei>nneetioii i.- 
thc faet that we are not dealing with a transformation of ap- 
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plied medicine. Indeed, knowledge of the cudocrins as inter¬ 
preted by the author, does not impose iqmn the trained physi¬ 
cian the necessity of unlearniny what he has acquired through 
hard study and practical experience; it adds to that knowledge 
and enliances his efliciciicy. 

The uintli edition also iutnxlnces a new feature in this 
eomiection. The author, during the years lie has studieil endo¬ 
crinology has found the introduction of the endocrins in tlie con¬ 
sideration of disease jiarticularly lielpful in certain disorders. 
T’hese are reviewed sueciuetly in a siipplcinent at the end of 
the second volume. The list includes some diseases which, in so 
far as mortality is concerned, have no peer: iniluemsa, arterio¬ 
sclerosis and senile ])ncumonia, for instance—all interpreted and 
treated on newer lines. Diseases of the mind, dementia pre- 
cox in particular, which sends tliirty thousand of our children 
to asylums each year, are also shown in many instances to de¬ 
pend, in part, upon functional disorders of the endocrin glands 
and to be inftuenccd favorably by remedies or measures which 
intluemic tliese organs. 

I'he autlior, in fact, docs not hesitate to attribute to tlie 
absence of the endocrins in the pathology of most mental dis- 
etises much of the nnfavoralile therapeutic results that iwyehi- 
alrists, notwithstanding most faitliful and far reaching efforts, 
have encountered. And this may be said, to apply to practically 
all diseases' met in every-day work which have so far defeated 
our efforts. 

In closing, the author wishes again to urge that knowl¬ 
edge of the functions of the internal secretions and of their 
influence in practice, in so far as patliogenesis, diagnosis, and 
ihera})cutics oi’e concerned, may be regarded as the most con¬ 
structive asset ever bestowed u})on internal medicine by the 
thousands of clinicians and investigators who have given it the 
benefit of their endeavors. Endocrinology sacrifices nothing of 
what we actually know; it adds to, and elucidates all we know, 
and, on the whole, it appeals to our highest aims, tlie relief of 
Inmiaii suffering. 

OuAULFa E. i>B Sr. Sajous. 


l>liiliulcl|>1iin, Sept., 1920, 
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C.'.LCUinA 


CHAPTER I. 

SIGNIFICANCE OP THE INTERNAL SECRETIONS IN 
THE PRACTICE OP MEDICINE. 

Thh present work differs from all others on endocrinology 
published so far, in that its aim is to show tliat the ductless 
glands fulfill as important a role in disease and therapeutics as 
is now attributed to any of the more familiar orgaits of the body, 
the liver, the lungs, the kidneys, etc. Hence its title “The In¬ 
ternal Secretions and the Principles of Medicine.” When, there¬ 
fore, Swale Vincent^ wrote: “Sajous apparently postulates a 
relationship between all the ductless glands whose functions, ac¬ 
cording to this writer, dominate most of the l)odily activities, 
normal and pathological”, referring to the ffrst edition of this 
work published in January, 1903, he faithfully portrayed the 
broad functional role 1 attributed to these organs. The progres¬ 
sive development of such a counetttion throughout the whole 
realm of medical thought indicates that time has sanctionetl the 
position then taken. 

The purpose of the present chapter, is to illustrate, as a 
preamble, by means of many notable e.\amples, that those dis¬ 
eases moat costly in human lives are profoundly influenced and 
even caused in many instances by the endocrins; but also that 
through their intermediary, our therapeutic efficiency may be 
greatly enhanced. 

It must frankly be said, however, that to portray the sig¬ 
nificance of endocrine factors in internal medicine with only 
the prevailing conceptions of the functions of any ductless gland 
as basis is an impossibility. While sound as far as they go, 
they do not supply the needs of so far reaching a connection. 
Experimental work has always needed the crucial test of tlie 
practical field to gain lasting recognition, each exi»erimcntal de¬ 
duction being tested out as it were, in disease after disease to 
ascertain whether it fulfills a hotia fide rflle in its physio-puthol- 

1 Swale Vincent: Internal Secretlona and the Ductleia Olanda. London, 

346, ms. 

(1) 
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ogy and really means what it purports to represent. Such 
analytical work, in itself, however, is a prolific source of informa¬ 
tion, and it was in doing it over two decades ago, and testing 
each thought in collateral fields besides, that I reached con¬ 
clusions (1903-1907) in respect to certain endocrinea which I 
deem fundamental and absolutely necessary to even approxi¬ 
mately fulfill a task such as that described in the heading of 
this section. Four of these fundamental functions have so far 
stood the test of time in that both the clinic and the laboratory 
have indicated their soimdness. These are: 1, That the adrenal 
secretion endows the hssmoglobin molecule with its power to 
become converted into oxyliscmoglobin in the pulmonary alveoli 
and to carry on general oxygenation; 2, that; the thyroid secre¬ 
tion takes part in tlie immune chemistry of the body as opsonin 
and indirectly the production of antitoxins through its partici¬ 
pation in metabolism; 3, that tr)'psin is an active factor in cellu¬ 
lar metabolism and immune chmnistry; and 4, that the pituitary 
body—^irrespective of any secretory function it may possess—is 
connected by nerve paths with the adrenals through which it in¬ 
fluences the secretory activity of the latter. Although the 
evidence submitted is but a fraction of tliat available in the body 
of the work, it was deemed sufficient to indicate the strength of 
data supporting the personal conclusions submitted in respect to 
disease. 

Pending more elaborate studies, submitted farther on in 
these volumes, what endocrine functions are needed in the pres¬ 
ent connection will be briefly summarized to illustrate the part 
tliey take in morbid processes and their treatment. 

THE ADRENALS IN THEIR RELATION TO DISEASE 
AND TREATMENT. 

The prevailing tlieories concerning the physiological func¬ 
tions of the adrenals w'ere summarized in 1919'by Lewellys F. 
Barker* as follows: “1. The tonus theory, which assumes that 
cpinephrin maintains in some way constantly a state of tonus in 
smooth muscle innervated by the sympathetic nervous system. 
2. The emergency theory wliich regards the suprarcnals as an 


‘Lewelljra F. Barker: BnSocrlnology, ill. 253, 1919. 
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apparatus for discharging epinephrin in emergencies only. 3. 
The antito^ theory, according to which the suprarenal secretion 
neutralizes poisons, or its variation which assumes that the supra¬ 
renal products themselves are detoxicated substances. 4. The 
metaboKo theory, which postulates that the presence of minute 
quantities of epinephrin are necessary for the metabolic activi¬ 
ties of the tissues, including oxygenation of the blood.” Which 
of these postulates actually represents the true function of the 
adrenals? 

Studied from the comprehensive viewpoint referred to 
above, all the postulates enumerated by Barker (excepting per¬ 
haps the theory that the adrenal products are detoxicated sub¬ 
stances) have held their own. In order to understand their 
connection with disease, however, emphasis must be laid upon 
that parij of the metabolic theory summarized in tlie five last 
words "including oxygenation of the blood,” which happens to 
be my own contribution to the function, a fundamental one as 
we shall see. 

The respiratory process as now taughi^ is by no means ac¬ 
cepted by all physiologists. Ever since the middle of the last 
century the diffusion doctrine of pulmonary respiration had 
been found incompatible with many experimental facts. Such 
authorities as Robin, VerdeU, Gamier, Duval, in France, Hal¬ 
dane and Lorrain Smith, in England, and notably Bohr, of 
Denmark,' found that the normal oxygen tension in arterial 
blood was often higher than the alveolar air. The Anglo- 
American Expedition to Pike’s Peak in 1911 also observed that 
often at this high altitude, the oxygen tension in the blood be¬ 
came considerably higher than tliat in the alveolar air. While 
Haldane and the Oxford school explained this phenomenon by 
attributing to the lungs the power to clutch the oxygen and, 
through lie alveolar epithelium force it into the blood, Bohr 
and Henriques* held that the process required a substance 
"having greater avidity for oxygen than the blood itself,” 
. . . . "a kind of internal secretion.” The nature of 

this internal secretion, however, they failed to determine. 

•C. Bohr: Arehir t. Phjolol.i **, 236, 1891. 

* Bohr ond He&rhittM: Arch, do Physiol., lx, 469, 1897. 
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In 1900, various chemical, anatomical, physiological, bio¬ 
logical and clinical facts, to be reviewed later in these pages, 
suggested that the adrenal product might be the ‘internal secre¬ 
tion’^ sought by Bohr to meet the needs of the respiratory 
process. A comprehensive study of each phase of the subject 
led me (1903)* to the conclusion: 1, That ‘*the relative tension 
of oxygen in tlie blood and in the alveolar air is not a ruling 
factor in the process of respiration”; 2, that the secretion of the 
adrenals **which leaves these organs through the suprarenal 
veins, is mixed with the plasma of the venous blood in the in¬ 
ferior vena cava”; 3, that “when the venous blood reaches the 
pulmonary alveoli, the marked affinity of the adrenalized plasma 
for oxygen causes it to absorb this gas from the alveolar air”; 
4, that “the red corpuscles, after this operation, bathe in an 
oxygen-laden medium, and their haemoglobin becomes recon¬ 
verted into oxyhsemoglobin.” 

This interpretation has been confirmed both directly and 
indirectly. Adrenin (the adrenal secretion or juice) was found 
to increase the intake of oxygen and the output of carbon diox¬ 
ide by Byelaventz.* Bernstein and Falta'' obtained similar re¬ 
sults from 1 milligramme of adrenalin subcutaneously in normal 
subjects, and Tompkins, Sturgis and Weam* from intramuscular 
injections of 8 minims of the 1:1000 solution of adrenalin. 
The latter observers also noted that the respiratory rate was 
augmented, while D. E. Jackson* found that it produced prompt 
dilatation of bronchioles when these were contracted. Nice, 
Bock and Courtright^* observed that both minute and large 
doses of adrenalin evoked an increase in thei depth of respira¬ 
tion, while Sandiford^^ found that it caused an increase of heat 
production of the respiratory quotient of the ventilation rate and 
of the respiration rate Biology also contributes confirmatory 
evidence. H. H. Dale,’* for instance, recalls that Abel “had 

* C. E. de 11. Bajous: Internal Bccrctiona and the Prlnclplea of Medicine, 
Phlla., 1, 127, 1903. 

■ P. P. Byelaventa: Roueakll Vratcb, II. 247, 1903. 

> Bemeteln and Falta; Verhandl. d. dent. Kongr. t. inn, Med., zmIz, 636, 

1912. 

■Tompklna, Bturgla and Weam: Arch. Internal Med., zzlv, 269, 1919. 

*D. B. Jackeon; Jour. Pharm. and Bxper. Therap., It. 291, 1913. 

*0 Nice, Rock and Courtrlght: Aner. Jour. Pbyalol., zzzlv, 326, 1914. 

" I. Sandiford: Ames. Jour. Pbyalol., II. 407, 1920. 

>*H. H. Dale: Proc. Royal Boc. of Med.; Tberap. and Pharm. Sect., Lon¬ 
don, Til (3). 34, 1913-1914. 
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found adrenin in relatively cnomious quantity in the skin glands 
of the toad, where,” he remarks, “it would seem to serve no 
possible function and might easily be regarded as a waste 
product.” With the adrenal secretion as an active participant in 
the respiratory process, the presence of adrenin in the skin of 
these batrachians meets a self-evident need in view of the 
familiar fact that the skin, forms part of their respiratory 
apparatus. 

As regards the personal conclusion that the adrenal secre¬ 
tion enables the hajmoglobin to become converted into oxyhiemo- 
globin on exposure to the alveolar air, Kariya and Tanaka,** 
in 1913, found tliat adrenalin could itself act as does hemo¬ 
globin. Menten and Crile** then also found experimentally 
that blood from the adrenal vein—^which transfers the adrenal 
secretion to the vena cava—^invariably assumed a bright red 
arterial color in from one to twenty minutes after dilution with 
salt solution, while blood from other organs treated in the same 
manner, showed no change. Again, having added adrenalin to 
diluted human venous blood, Menten’* found that it caused an 
increase in the intensity of the oxyhajmoglobin absorption-bands, 
stating that she regards this as “unquestionably very strong evi¬ 
dence that it is adrenalin which is responsible for tlie increased 
amount of oxyhajmoglobin found in the adrenal vein blood.”* 


u Kariya and Tanaka: Jour. Tokyo Ued. Aaaoc., xztI, No. 20, 1913; Abat. 
In Set-I-Kwal Med. Jour., uzll, 10, 1913. 

Menten and Crlle: Cited by Menten: Amer. Jour. Phyalol., zlly, 176. 1917. 

*■ H. L. Menten: Ibid. 

* As collateral evidence. It may also be stated that the third personal conclu¬ 
sion submitted, i.e., that “on reaching the alveoli the marked affinity of the 
adrenal substance causes It to absorb this gas from the alveolar air," la sus¬ 
tained by the theory of Haldane and the Oxford school, that when the oxygen 
tension In the alveolar air la low, the alveolar epithelium can seise the oxygen 
and force it Into the blood to compensate for the deflclency of that gas. Prom 
my viewpoint It Is the powerful reducing power of the adrenin In the venous 
blood which enables It to absorb oxygen forcibly through the alveolar epithe¬ 
lium, and thus to raise the arterial oxygen tension. This Is well shown by tbo 
experiment of Mllller which showed that a strangulated animal exhausted all 
Uie oxygen In Its alveolar air. 

The contention of Haldane and the Oxford school has been opposed by 
Barcroft" and the Cambridge school after the former had spent six days "In a 
glass respiration chamber In which the partial pressure of oxygen waa reduced 
until It waa Its lowest—about 45 millimeters.” He states that bis blood bad 
become dark, and that "the most careful analysis failed to discover any evi¬ 
dence that the body can force oxygen Into the blood In order to compensate for 
a delleleney of that gas In the air." From my viewpoint and Judging from the 
suffering endured by Prof. Barcroft, his blood was nearly anoxic, due to the 
fact that his tisanes were reducing bla oxyhem<«lobln more rapidly than the 
ezceaalvely low partial pressure of oxygen In bis alveolar air could satisfy. 
The result was that notwithstanding an ample supply of adrenin In bis venous 
blood. It could not reduce sufficiently the alveolar air to enable it to convert 
his hemoglobin Into oxyhemoglobin and his blood remained venous, 4.0., “dark.” 
This In no way, however, militates against Haldane's view, when the cardinal 
rtle of adrenin in the process Is tajien Into account. 

x J. Barcroft: Jour, of Physiol., llil, 450, 1919-1920. 
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Barker’B fourth coucluBion attributes so predominating a 
function as metabolism to ‘‘the presence of minute quantities of 
adrenalin.” This statement is doubtless based upon the old» 
estimates of Trendelenburg,” Battelli,” Barger,” and others. 
Biedl, however, found that about 4.3 milligrammes was secreted 
into the blood every twenty-four hours—a large quantity, even 
from the pharmacological standpoint, particularly in view of 
A. E. Schafer’s observation that fourteen millionths of a 
gramme of the adrenal principle per kilo of animal sufficed to 
produce maximal effects. As to ^e production of the adrenal 
secretion itself, adrenin, Stewart and Bogoff” in a study of the 
spontaneous liberation of this s^retion in the cat, found that 
it varied from 0.0003 to 0.001 gramme a minute per kilo of 
animal. At this rate, a man weighing 70 kilos would receive in 
his blood 1.36 to 4.30 cubic centimeters of adrenin per hour, 
i.e., over 30 to 100 cubic centimeters in the twenty-four hours, 
ample to meet the needs of oxygenation and metabolism. More¬ 
over, there is good ground for &e belief that i^veral bodies now 
identified under other names in the blood and other fluids, the 
liver, intestines, feces and urine, are more or 1^ rich in 
adrenin. 

Clinical obsenation confirms the teaching of physiological 
e:q)erimentation that while excessive activity of the adrenals 
raises temperature, deficient activity lowers ii Thus, L4pine,” 
Morel** and many other clinicians have noted that even non¬ 
toxic doses of adrenal extracts raised the tempmture from 0.5 
to 1* C. (0.9 to 1.8* P.). Tumors of the adrenals, particularly 
those of the true malignant hypernephroma type, are also known 
to follow a febrile course; even malignant tumors in general 
cause elevation of temperature in 57 per cent. 'Vholly independ¬ 
ent of any fever producing complications,” when the adrends are 
involved, according to Israel,*' while the same tumors in the kid¬ 
ney alone cause a rise of temperature in but 3 per cent, of the 
casre. Courmont** also observed that large adrenal grafts pro- 


"■nwiaelenbnri: Cited bjr B. Q. HoiUne: Endoeiliwloar, i, Ul, U17. 
UM. 7. Battelli: C. r. de to Sac. de Biol., Parle, Ut, un, USI, Utt. 
"0. Barger; Monograpb on Btoobemletry, London, ta 1S14. 

* Stewart and Rogoff: Joar. Pbam. and Bip«r. Tberm)., vUi, 479, 1918 
” R. Llplno: La Sematne Mdd., nlil, 51, 1801. 

■L. B. Morel: Lo Fras^ Mdd., uiU, 61, ^ UdS. 

■J. larael: Dent med. Woeb., isxi, 1745, 19K. 

9* Paul Oonnnont: TItrei et Trauvanx SclentIBquea, Lpon, 90, 1907. 



THB INTBRNAli SECRBTIONS IN FRACTICIB. 


7 


duced "a formidable hyperthermia” and “disastrous results” in 
the absence of all infection—a phenomenon likewise noted by 
other operators. The premature development in the malignant 
hypernephroma of childhood, so marked in some instances that 
the child appears, as to size and development, twice or tliree 
timra its true age, be^eaks tlie activity of the cellular oxidations 
sustained by these adrenal neoplasms. Conversely, tlie Addi¬ 
sonian syndrome which includes hypothermia, with low oxygen 
intake and carbon dioxide output, marked asthenia, low blood- 
pressure, small and feeble pulse, etc., all of which correspond 
with the results of adrenalectomy, fittingly represent the effect 
of functional insufficiency of these glands on general oxygenation. 

The bearing of this causal relationship between the adrenal 
secretion and the processes of pulmonary and tissue oxygenation, 
upon the other postulates enumerated by Barker will now sug¬ 
gest itself. 

As regards the tonm theory introduced by Oliver and 
Schafer in 1894, fluctuations of oxygenation and, tlierefore, of 
metabolic activity, in the myoneural junctions of tissues such as 
the smooth muscles, innervated by the sympathetic system 
(known to be especially rich in chromaffin or medullary ad¬ 
renal substance) account for any variation of contractility that 
quantitative modifications in the supply of adrenin may pro¬ 
voke. This is a feature of exceeding importance in disease, we 
shall see, particularly in its bearing upon the arterioles and the 
heart. Cannon’s emergency theory, in which the functions of 
the adrenals are roused during emotional stress, fear, anger, 
pain, asphyxia, etc., also finds its explanation since the excite¬ 
ment, preparation for defense, flight, attack, etc., necessitates a 
correspondingly marked increase in the rate of metabolism, 
respiration and oxygenation. 

Whether as Cannon thinks, there is little or no adrenin 
secreted between periods of stress, might apply as well to the 
metabolic theory, adrenin being produced only to meet the needs 
of the haemoglobin—a possibility favored by tho fact that as an 
oxidizing enzyme (which I have termed adrenoxidase), the ad¬ 
renal principle may carry on its functions without being itsc 
destroyed. The antitoxic theory of Alielous and Langlois, 
originally limited to the destruction of fatigue or muscular 
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wastes, also finds its explanation. If we realize that all func¬ 
tions, including those of bodily defense, llie formation of anti¬ 
bodies, phagocytes, etc., depend upon metabolic activity and tis¬ 
sue oxygenation, the manner in which an exacerbation of secre¬ 
tory activity of the adrenals or the therapeutic use of its prin¬ 
ciple may enhance the antitoxic efficiency suggests itself. As to 
the metabolic theory, it is perhaps unnecessary to repeat that^ as 
is the case with the'three others, oxygenation is the essential or 
fundamental feature of the process itself. 

To illustrate the bearing of these deductions upon disease 
and treatment, the morbid processes with which so far the adre¬ 
nals have shown an unmistakable connection will be briefly 
reviewed. 

Heart Disease. —Modem studies have increasingly m- 
phasized the importance of the heart muscle in cardiopathies, 
particularly the nature and source of the agencies which sustain 
its functional efficieiugr and the rhythm of its contractions. 
And yet, probably the most important of these agencies, the 
adrenal secretion, has been overlooked to such a degree that even 
the most modem works on cardiology fail to refer to it in this 
connection, although the ubiquitous use of adrenalin in the 
heart failure of acute infections and many other clinical facts 
have fully sustained the teachings of Oliver and Schafer that 
adrenin sustains the tonus of smooth muscle, to which class the 
heart muscle belongs. Again, its participation in cardiac func¬ 
tion is further emphasized by the familiar fact that smooth 
muscle is innervated by the sympathetic,* and that one of the 
essential functional constituents of this nervous system is chro¬ 
maffin substance or adrenal medulla. 

That fatalities result through failure to recognize the ad¬ 
renals in this connection, is d^onstrable by many instances on 
record. During chloroform anesthesia, >for instance, the use of 
adrenalin both by injection and locally, the latter in the nasal 
cavities, has caused so many deaths that various operators have 
condemned its use. And yet, a much larger number advocate its 
administration both as a preventive of heart failure and to 

* Id U04* lAnonal rewtrebea tended to show that the vasua owea ita action 
on the heart to armpathetic aben. 

»Q, B. deM. Sajoua: N. T. Med. Jour., Ixalx, 913, 978, 19M. 
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counteract this condition. Such contradictory opinions are due 
to disregard of available knowledge on the question, and the 
empirical use of this powerful agent. During the eurly stage 
of anesthesia, the adrenals, reacting against the toxic effects of 
chloroform, and under the influence of excitement or fear, 
secrete abnormally and increase peripheral resistance by caus¬ 
ing constriction of the arterioles, including the coronary ter¬ 
minals, as shown by Barbour and Prince.*” If adrenalin is now 
injected, it so increases this vascular constriction tliat notwitli- 
standing the rise of blood-pressure, there occurs failure of the 
pulse, pallor, dilatation of the pupils, ventricular flbrillation 
and cardiac arrest—all due to inadequate supply of arterial 
blood to the ventricles, thus weakening their contractile power, 
while the increased resistance of the blood column tends further 
to prevent contraction and to arrest the heart in diastole. When, 
on the other hand, adrenalin is administered late, particularly 
wh&re heart failure threatens, it compensates for the deficiency 
of this principle both in the adrenals themselves and in the 
sympathetic system, after its excessive secretion during tlie first 
stage for the reasons mentioned. Indeed, in heart failure attend¬ 
ing chloroform anesthesia, Dclbet, Herrenschmidt and Beauvy” 
and others, found marked diminution and even disappearance 
of chromaffinity and of adrenin itself in the medullary portion. 
Administered under these conditions, adrenalin is not only free 
from danger but often sn-ves life as shown by a large number of 
cases in the literature on anesthesia. 

Another feature of major importance in this connection, 
one likewise overlooked in cardiac disorders of the adynamic 
type is the influence of age upon thq activity of tlie adrenals, 
♦.e., the senile heart. This is well shown in tlie plate opposite 
page 88 in this volume, which represents the vascular supply 
of the adrenals at various ages, the organs having been injected 
with a hardening substance, and the parenchyma then destroyed 
with a corrosive. Dostojewski, Rolleston** and others have like¬ 
wise noted considerable reduction in, the size of the adrenals in 
aged subjects. As all this means also a corresponding deficiency 


• " Barbour ud Prince: Jour. Exper. Med^ x*l, m 1915. 

" Delbert, Herrenacbmidt and Beaury: Revue de Chlr., xlv, 5t4, isu. 
■ H. D. Rolieeton: Lancet, 1, 727, 1886. 
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of adzenin in tide sympathetic system, it becomeei evident that 
in the dderly, nncomplicated cardiac dilatation or d^ective 
compensation in valvular disorden wilii astbenia, hypotension, 
hypothennia, and a tendency to collapse in marked cases, hypo- 
adrenia should be taken into account. It is in such cases that 
our usual imedies fail, while the judicious use of suprarenal 
products is very efSdent in appropriate cases. 

Here, again, considerable circumspection is required in 
the use of adrenal extractives. In the hypoadrenia of old age or 
in middle aged or young, the usual doses employed are safe. 
This ceases to be the case, however, when an active febrile 
process prevails, or when the subject treated is hyperadrenic as 
in plethoric subjects, and particulsrly where a valvular lesion 
exists. Here we must recall the principle established experi¬ 
mentally by Hoskins and McFeek” to the effect that an injec¬ 
tion of adrenalin will augment any physiological action that the 
normal circulating adrenin in a given case might be producing. 
Precisely as it does during the early stages of chloroform 
anesth^ia—and this applies as well to ether anesthesia though 
to a less marked degree—the peripheral arterioles and the 
coronary terminals will become abnormally contracted and ex¬ 
pose the h^t This is well illustrated by the radioscopic study 
of one hundred cases by Loeper, Wagner and Dubois-Boque- 
bert.*** On injecting 1 milligram (grain) of adrenalin, these 
internists found that a normal heart showed no change in out¬ 
line or slight contraction in one hour; a weak heart or one 
having a valvular lesion, dilated at once and remained so some 
time; a mitral lesion showed a particularly pronounced dilata¬ 
tion, while aortic insufficiency sometimes caused dilatation of 
the aorta. This coincides wito the untoward effects credited to 
adrenalin by various clinicians, which occurred in patients 
showing valvular lesions. But this does not apply to cases in 
which hypoadrenia and broken compensation or functional dila¬ 
tation prevail even with edema whi^ also is benefited by supra¬ 
renal products. 


'‘hjpoaSrMilft’' if nacd tnatMd of "linKMidnnoUnii,” beoaoM tbe 
t^e^PfoMee of aJioblt lootM^ of It to, a imthola- 


* Tho t«nn 
lattar monclp , 
gleal' conditlop. 

and MoPeek: Jour. Amor. Med. Ampp., Is, Vtn. UlS. 

Loeper. Waauer and puj^-I^uebert: Le mkrta' |fM^, 8^ 
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The arrhythmias are likewise dependent in. many instances 
upon the effidenoy of the adrenals, i.e., when they are the ex¬ 
pression of deficient nervous control of the myocar^um or myo¬ 
cardial atony, irrespective of any causal organic lesions. They 
may occur in the course of acute infections owing to the hypo- 
adrenia occurring late in thesd processes; or in DaCosta’s *‘tm- 
table hearf' of soldiers (1871) in which emotional stress and 
excessive exertion likewise exhaust the adrenals; or, again, as 
a chronic condition in, civil life in neuro-cardiac asthenia, such 
as that noted in masturbators (spermin containing a catalyzer 
which gives the reactions of adrenalin), exc^sive smokers 
(nicotine, but only in excessive doses being an adrenal depres¬ 
sant), the true "'adolescent heart" due to tardy development of 
the ai^enals, and many of the cases of ‘‘functional heart disease” 
—all of which we distinguidiable by their frail make up, their 
sensitiveness to cold (deficient oxygenation), their myasthenia, 
dyspnea on exercise, and other symptoms denoting functional 
hypoadrenia. All of these show, besides a rapid heart rate, more 
or less irregularity at times. Indeed, Stewart and BogoflE** 
found that compression of the adrenal veins caused arrhythmia, 
which ceased when they released the veins, thus restoring the 
fiow of adrenin to the inferior vena cava, the blood of which 
carried it to the right auricle and ventricle. 

In auricular fibrillation, in which the auricle is unable to 
contract, the fluttering tremor which replaces contraction is 
attributed to a multitude of unexplained unco-ordinated im¬ 
pulses ; but this phenomenon finds its explanation in deficiency 
of the adrenal chromaffin ■ substance. When, as in toxic cases, 
digitalis finally fails, it is because the adrenals themselves have 
failed. Adrenalin at this time, 8 minims of the 111000 solu¬ 
tion in a syringeful of saline solution, injected intramuscularly 
very slowly, repeated as needed, proves very helpful. Even 
where, as in a personal case, dilatation of the peripheral arte¬ 
rioles, due to adrenal failure, causes peripheral edema, and digi¬ 
talis ceases totally its beneficial action, both the edema and 
arrhythmia may disappear under the influence of adrenalin. 
Triturates containing grain may be allowed to dissolve 
under the tongue where injections cannot be used. To sustain 

«Stewart and Rogoff: Jour. Pharm. and Eaper. Tberap., xHl, W, ttU. 
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the effect after recovery, 2 grains of the suprarenal gland twice 
daily, is very helpful as adjuvant. 

The same remarks apply to auricular flutter, often ob¬ 
served anmng the elderly and which may also be attended with 
dyspnea, myasthenia, ^ematous infiltration, etc. In heart 
block and the sinus arrhythmias, however, the causal' lesions are 
probably localized in their bundle or node. So far at least, no 
benefit has been obtained from suprarenal products. The 
tachycardia noted in the course of these arrhythmias should be 
carefully differentiated from that due to hyperthyroidism. 

PcLMOKABY Disobdess. —^Liobar pneumonia is another dis¬ 
ease in which the mortality has failed to be reduced notwith¬ 
standing the great amount of study devoted to it. As in arte¬ 
riosclerosis, this also appears to be due to the fact that, with 
the endocrins as factors in the problem, it is divisible into two 
or more types each of which requires its special line of treatment. 

Senile pneumonia, now classed among the so-called atypical 
cases, will serve to illustrate this statement. It was termed by 
Charcot “the great enemy of old people”; Osier, referring to 
subjects over sixty years of age, stated that “from its fatality in 
some places one may say that to die of pneumonia is almost the 
natural end of old people.” Senile pneumonia may drop upon 
an aged subject and prove fatal unexpectedly right in the midst 
of his daily occupation. Where, however, as in most instances, 
the disease develops more or less gradually, typical ^mptoms of 
adrenal failure appear. After a brief reaction to the infection, 
with practically no fever or elevation of the pulse, very moder¬ 
ate rise of blood-pressure, no chill other than perhaps a chilly 
sensation, but little, if any cough and expectoration and no pain 
in the chest, there occurs rapid lowering of the arterial tension, 
marked lividity, edema of the lungs and extreme asthenia with 
lethal trend from exhaustion. The influence of deficiency of ad- 
renin on the rig^t ventricle whose tone it sustains as it passes 
on to the lungs, is well shown by Eisner’s statement** that 
“dilation of the heart, paarticularly of the right side, is a fre¬ 
quent complication of senile pneumonia,” but this clinician also 
records a fact of cardinal importance, namely, that the dilata¬ 
tion of the right heart “sometimes precedes the infection” which 


**H. li. Blaaar: N. T. State Ued. Jour., lx, 34, ISOS. 
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“!f“ thrt the Weetion iteeU may be seconder, to the edrenal 
feJure. TOe putaonary edema whieh virtually drowns the auf- 
f^. resulte from the vascular paresis, due likewise to deheionev 
of adrenal principle, which as shown by Pluniier-Clemiont,®* 
sustains the tone of the pulmonary vessels to a degree less 
marked than elsewhere tliroughout tlie body. 

On the whole, the senile adrenals either fail soon after the 
infection, or by suddenly giving way and reducing the resist-- 
ance to infection, permit tJie lungs to become the prey of 
the pneumococcus or otlier ubiquitous bacteria. That these 
organs fail increasingly as age advances is well shown in the 
plate opposite page 88. 

The treatment of such cases should differ totally from that 
usually employed. From the start, when the symptoms of ad- 
renal failure prevail, repeated doses of 7 minims of adrenalin 
1: 1000 solution in a syringeful or more of saline* solution 
should he injected intramuscularly very slowly, carefullv avoid¬ 
ing a vein, every two hours tliree times, when tha blood-pressure 
is low, then, when the heart action and the blood-pressure have 
improved, four times a day, as needed until tlicy are normal. 
Perpetuation of the good effects is sometimes better insured by 
injecting 4 minims of adrenalin and 4 minims of pituitrin at 
a dose, the main effect of the latter being due to the adrenal 
principle in organic combination it contains. The oral use of 
these agents, or a triturate pellet of Voo grain, placed under the 
tongue, in addition, is often helpful. As stated by W. K. 
Bobertson,** "it is well known that cases that react are more 
favorable than those with low temperature. This- is universally 
recognized in senile pneumonia.*' 

When tile patient's defensive resources do not improve 
after a few adrenal or pituitrin injections, the use of antipnen- 
mococcuB serum is indicated, besides sustaining food in small 
quantities frequently repeated, warmth with pure but not cold 
air, and creosote carbonate to prevent tympanites, avoiding all 
depressants, particularly bleeding, nitrites and opiates. This 
treatment affords far better results in this form of pneumonia 
than the present random and often misdirectwl measures. 

•• Plnmler-Cleraont: Bull, de I'Acad. Royal de M6d. de Belg., zsvl, S96, 
T4e, UU. 

•*W. B. Robertaon: Lecturea at Temple University, Phlla. 
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Bfonthidl The effects of adrenBlin in tMa dis¬ 

order further iUustrate the functional relationship between the 
ad re uals and the respiratory, process. The dominant view con¬ 
cerning the underlying cause of asthmatic paroxysms is that 
an accumulation of endogenous wastes^ due to deficient catab¬ 
olism, .provdces spasm of the bronchial and thoracic muscles. 
The asphyctic phenomena thus produced last until the tidal 
wave of toxic wastes is in part hydrolyzed through the effects of 
a defensive ration. As such a reaction primarily depends 
upon the activity of oxygenation, while the adrenal secretion, as 
we have seen, endows the hsemo^obin with its power to take up 
oxygen from the air, an injection of adrenalin fulfills this pur¬ 
pose. It does more; Fithner and Starling** found that in 
asphyxia the heart dilates and the aortic pressure falls, thus 
reducing both the pulmonary and general circulation, and that 
both these conditions were relieved by adrenalin. Again, we 
know that asphyxia neonatorum may at once be relieved, as 
sho^ by Mack,** by injecting adrenalin into the stump of the 
cord. In asthma, the cyanosis frequently observed bespeaks a 
carbon dioxide retention in keeping with the views of many 
writers. While, as we have seen, Bernstein and SUta*' 
found that injections of adrenalin produced an increased 
consumption at oxygen, and of carbonic acid excretion, 
Januschke and Poliak** observed that they caused an increase 
in the respiratory excursions of the lungs. Every phase of the 
morbid process is thus met by adrenalm, the action of whidi 
is truly striking as regards effidency in appropriate cases. 

Tlie use of adrenalin, however, for the arrest of asthmatic 
paroxysms is not free of danger, owing to the fluctuations of 
the adrenin content in the individual treated. Particularly, are 
untoward effects—<yanosi^ tremor, pallor, thoiradc constriction, 
weak pulse^ etc.—^produced when it is injected hypodermically 
or iniravenoudy, while its intramuscular use in 8 mininia ( 0.5 
cubic centimeter) of the 1: 1000 solution is very seldom at¬ 
tended by any ill effect, especially if administered slowly with a 
syringeful of saline solution. Advanced valvular' disordm, car- 

m rBhner.aBS Starlla#: Jow. «( Ftayalol., zItII, M, U1S-1U4. - 

MX. B. Maek: Jsnr. Amar. Mad. Aaaoc., Uv, 7B4, ISIB. 
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disc hypertrophjr and nephritis with high blood-pressure are 
contraindications. 

Benal Disorders. —The relationship between functional 
efficiency of the adrenals and renal activiiy is well shown by 
the effects of adrenalin in cases in which anvria occurs irre¬ 
spective of any discernible diseases as a result of astlienla, 
shock, etc.' This may be observed particularly in aged subjects 
in whom, we have seen, the adrenals undergo progressive 
atrophy. In such, all the usual remedies, including strychnine, 
a powerful adrenal stimulant as previously shown, fails to pro¬ 
mote diuresis, but this result soon follows the use of adrenalin, 
and persists as long as this agent is administered. In the light 
of tbs prevailing view that adreuin causes renal dilatation, this 
is due to constriction of the peripheral arterioles (previously re¬ 
laxed owing to adrenal insufficiency) by the adrenalin and 
restoration of the normal circulatory tension in the renal filter. 
This explanation is further sustained by the fact that, as ob¬ 
served experimentally by Hoskins and Gunning,** marked renal 
inefficiency follows adrenalectomy, and the confirmation by 
H artmaTi and Lang*® of the view that dilatation of the kidney 
is caused by adrenalin, although tliis is preceded by brief con¬ 
striction of the organ. 

Bestoration of the tonus of the peripheral arterioles and, 
as a result* of the normal vascular tension, likewise explain the 
very marked influence of adrenalin upon the edema of renal 
origin, as will be shown, but the adrenal principle has also been 
fonnd of value in the various forms of nephritis. Other in¬ 
fluences of adrenal origin must tlierefore prevail. 

Confirming the older experiments of Siegel, Keicher** found 
t-bat a ten-minute immersion of the back paws of animals in 
ic!e water caused within ten minutes an increase of adrenalin in 
the blood, and within twenty-four hours albumin and casts in 
the urine. This increase of adrenalin in the serum has also been 
observed by Schur and Weise and also by Goldzieher and Mol- 
nar** in both aaUe and chronic types of nephritiit. R. M. 
Pearce,** in a study of 163 adrenals, also found that 


••HoaUm and Ounnlng: Amer. Jour. 
•Hartman and nang; Bndocrtnolow. 

“K. RaCchar: Bari. Win. Woch.. xl^ 

• Ctoldatebar and Uolnar; Budapoat C^orra^. 
•R. M. Paarca: Lot. cU, 


Londoa iianceti 11» 1908t 



16 


THE INTERNAL SECRETIONS IN PRACTICE. 


hyperpli«ia of these oigans was a very frequent concomitant 
of chronic renal disease, thus sustaining the previous observa¬ 
tions of Aubertin, Ambard, Widal, Boidin and| Vaques,** who 
had noted hyperplasia of the adrenals in all cases in which 
atrophy of the organ had occurred, which they traced back to 
the initial stage of the disease, and which, they state, cannot be 
confounded with fatty adenoma. Baduel^" found that both the 
cortex and medulla were the seat of hyperplasia. 

The connection between the abnormal increase of adrenalin 
in the blood and all grades of nephritis has remained obscure. 
From my viewpoint, however, the explanation is to be found in 
the adrenal functions we have reviewed, i.e., a defensive reaction 
calculated to break down the pathogenic factors which impair 
the renal tissues similar to that which occurs in infectious dis¬ 
eases, the adrenal overactivity being perpetuated as long as the 
harmful (substances are present in the blood. The influence of 
the adrenals on oxygenation and metabolism is not only an in¬ 
tegral feature of the defensive process in this connection, but 
also of the functional efficiency of the kidney itself. When the 
adrenals finally fail, edema begins to appear owing to relaxation 
of the peripheral arterioles, whose tonus the adrenal principle 
sustains. 

This accounts for the marked benefit reported particularly 
by Italian clinicians from tlie use of adrenalin. As far back as 
1897, Concetti,*® both in acute and chronic nephritis, obtained 
gradual but permanent disappearance of the albumin, increased 
diuresis and urea excretion, disappearance of the edema and of 
the general symptoms. Paoloantonio*^ found the oral use of 2 
to 3 minims of the 1:1000 solution of adrenalin per year of the 
child’s age, of considerable value in the glomerular nephritis 
of scarlet fever and recommends particularly in the acute forms. 
Eroolani** used as much as 60 minims daily in elderly uremics 
without untoward effect. Harris*® obtained similar results where 
the usual methods produced little or no benefit. Personal ex- 

** Vaquei: Trana. Soc. med. dea HApitaux, Semaine mAd., nv, 389, 1806. 

"A. Baduel: Rlvlata Crttlca dl Clin, med., lx, 48B. 601, 1908. 

" ConcetU: Trans. 12e Cong. Internat des scl. med.. Rev. mens, dea Mai. 
de I'Enfanee, xv. 476, 1987. 

D. Paoloantonlo: Policllnlco, xx, 1761, 1913. 

<*P. Brcolani: Oas. degit Osped. e della Clin., xxxvllt, 363, 1917. 

* I. Harris: Uverpool Med.-CIilr., xxxvl, 86, 1916. 



THE INTERNAL SECRETIONS IN PRACTICE. 17 

perience confirms these observations an»l has tendeil to show tliai 
adrenal eificieney materially intlueiuvs n*nal activity. 

Ascites and Utiier Skiioi's Kkfi'sions. — Osier character¬ 
ized a type of chronic interstitial in'phritis the ‘Penile fonn" of 
contracted kidney, hut as shown in the plate op|H»site pajte SS, 
there is also atrophy of>the ndriMials in old n}:e. With normal 
kidneys, no serous eirusion occurs; where, however, ctmtracted 
kidney is present plus adrenal atrophy and hrokeii compensation 
(the heart and its sympathetic supply heiufi likewiM* deiMjndent 
for efficiency ujani adrenin) a.scitcs follows. 

Sir dames Itarr, in I'.Mid, introduced the use of ailrenalin 
injections in ctrusions, hnvinj; obtained rapid diminution and. 
in some instances, arrest of this complication in ]duurai, ]ieri- 
cardial, hepatic and ))eritoncal disonlcrs. 'Phese results were 
coiiiimicd hy other observers, whore, as in cirrhosis, cancer, etc., 
the moibid process was not too far advauccil, or a mechaiiiial 
obstructive factor did not prevail. In ascites of cardiac origin 
due to railurc of compensation d. t'. Voi^it'”’ ninon^ others, ob¬ 
tained marked diuresis, disn|>|KMiran<‘C of the drn|tsy, from in¬ 
jections of 5 to 15 minims of adrenalin chloride 1 : KHlil solu¬ 
tion, the effect hein^ sustained by the oral use of 5 firains «if 
tile desiccated suprarenal jrlaiid. Similar results have hetni oli* 
taiiuHl by numerous observers in pleurisy with elfusion ufler 
removal of the latter. 

Tyson and dump®' oiiserved a ca.se of chronic nephritic with 
mitral regurgitation and ascites in which repeated tapping fol¬ 
lowed by intra})eritoneal injections of fnnn H minims to 'J drams 
of the adrenalin chloride 1: loot) solution, <-auscd ai inarkisl in¬ 
crease of the urine secreted and eventually disappearance of 
tlic ascites. Fleislier and Loclr'*’ had ])reviously obtained similar 
results, and observed an “incrca.se in the osmotic jircssuro of the 
blood” doubtless due to the increii.scd constriction of the 
peripheral arterioles eau.sed hy the cpinephrin. IMant and 
Steele®® noted another significant eifetd of the adrenalin solu¬ 
tion: “In all eases,” they stat/c, “tluTc was a rise of from 0..') 
to 2.0 degrees of temperature,” also “an immediate rise in the 

■■J. C. Voigt: Brit. Med. Jour., I. 536, 1912. 
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pulse tension.*' Finally, as is well known, localized edemas, 
pharyngeal, laryngeal, etc., are promptly relieved by a solution 
of adrenalin, owing to the constriction of the arterioles it 
causes. 

Genessai. IiTFXscmoNS. —^Failure of the adrenals aa a result 
of an infectious disease is perhaps best exemplified in its most 
acute form by Asiatic cholera. In 1903, 1”* called attention to 
the striking similarity of the symptomatology of this disease to 
that of complete adrenal failure. Since then several authors, 
Drake-Brockman (1910), Flovcsana (1912), Naam6 (1914) and 
others, have emphasized the same kinship in epidemics, all 
using adrenalin in large or frequently repeated doses with bene¬ 
ficial results. Naam^,’’'^ in fact, observed a remarkable toler¬ 
ance for adrenalin in these eases, preferably administered with 
saline solution. The syndrome of .acute hypoadrenia is strik¬ 
ingly reproduced: The typical peripheral hypothermia, the high 
rectal temperature, the frigidity and cyanosis, the rapid often 
intermittent pulse, the marked asthenia,, etc. The pathogenic 
relationship between the two processes was studied experimen¬ 
tally by Demetrescu,®® who found tliat the cholera endotoxin 
caused in rabbits disappearance of the chromafiin substance 
from the adrenals, thus accounting for the phenomena wit¬ 
nessed!. During the recent war, choleraic diarrhea was often 
observed in troops which had been subjected to great fatigue and 
especially in men who had been called to tlie colors from seden¬ 
tary life. The patliogeuesis of such cases is clear when the 
relationship between the adrenals and general oxygenation and 
metabolism is recalled; briefly the glands wwe sufficiently ex¬ 
hausted to approach the condition they presented in Asiatic 
cholera. Satre and Gros,®^ who called attention to this disorder 
during the war, found that adrenalin soon overcame it. 

By far the most frequently encountered instances of ad¬ 
renal failure are those observed late in the course of practically 
every infectious disease when the morbid* process is severe or 
prolonged. In typhoid fever it is commonly observed, the dis- 

**C. B. dell. Sajoue: iDternal SecreUena and tbe Frtnclplea ot Medtelne. 
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ease assuming yphat has been termetl the “t-anliac type,” in which 
great prostration, low blood-pressure, hy{H>Utenuia, sweating, 
weak and rapid pulse—all typical aYm]>toms of slowed metab¬ 
olism and vascular failure of adrenal origin—pre«loniiimtc. It 
is aim common in pneumonia and branchojmeumonia. influenza, 
pernicious malaria, and not iiifrc<]ucntly in scarlatina, measles, 
septicemia, erysipelas, anthrax and gaseous gangrene as shown 
during tlie war. This imjmrtant phase of severe infe«‘lions, and 
ita life saving value have boon rei-ogniwil to such a degree in 
France, particularly through tlie labors of Ix'tulle, that many 
practitioners anticipate the occurrence of adrenal failure by 
using adrenalin prophylactically, i.e., prior to its exiK*ctcd onset. 
Thus, Josue’'" a^Lnini^lers IJi,, grain (0.001 gramme) in ti» 
1 pint (250 to 500 cubic centimeters) of saline solution by 
hypodcrmoclysis. Ileing alisorlicd slowly, tlie action of the ad¬ 
renal principle is sustained. 

It is important to bear in mind in this connection that 
large doses of adrenalin predispose to adrenal ajioplexy )«ir- 
ticularly when injected intravenously. This question was care¬ 
fully studied by S. M. Jlansvetova/*® who found that I cubic 
centimeter (16 minims) of adrenalin injected subcutaneously in 
various acute infections, caused a sudden rise of pn*s8urc with 
but a slight increase of the ainjditude of the pulse; 0.75 cubic 
centimeter (12 minims) produced less rise in pressun; but 
greater pulse amplitude both on account of incrcn^cd sysbdic and 
lowered diastolic pressure; 0.5 cubic ccntinictcr (S niiiiims) did 
not apparently cause any constriction of the ]>eriplieral blood ves¬ 
sels. This corresponds with my own o.\i)erienco, which has 
shown that 8 minims of adrenalin in a syringeful of saline 
solution injected intramuscularly, very slowly, gave the liest 
results and could be administered four times in twenty-four 
hours, if need be, when the signs of adrenal failure began to 
appear, without fear of untoward elfects. 

Considerable care in diagnosis is necessary, therefore, to 
avoid administering adrenal extractives where they might act¬ 
ually cause death. Bacillary dysentery, for instance, was also 
found during the war occasionally to lead to a condition sug¬ 
gesting algid cholera. In reimrting four such instances in one 
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hundred men suffering from bacillary dysentery Bemlinger and 
Dumas** observed four who suddenly showed severe abdominal 
pains, hypothermia, cyanosis, and all the signs of Asiatic diolera 
and soon died. In each case the autopsy showed that the adren¬ 
als were the seat of lesions which complicated the existing in¬ 
fection and caused the glands suddenly to become the seat of 
haanorrhage, thus, constitutiiig what Boinet has termed "adrenal 
apoplexy” and soon followed, as a rule, by drath. It may occur 
in practically any infection, pnmnonia,, as in a case recently 
reported by LbWenthal,*^ tuberculosis, Addison's disease, usu¬ 
ally due to tuberculosis of the adrenals, meningitis, abscess, etc., 
and disorders which tend to raise the blood-pressure, such as 
epUepstf, arteriosclerosis, chronic renal dipease, etc. 

Adrenal apoplexy occurs not infrequently in infants, espe¬ 
cially those which show patches of purpura, and is frequently 
overlooked as a cause of death. In such cases adrenalin in the 
usual doses may kill by raising the blood-pressure, as shown by 
several instances reported. Conversely, in such cases, vascular 
depressants, the nitrites, veratrum, chloral hydrate, etc., entero- 
clysis, or in threatening cases, hypodermoclysis, to reduce the 
viscidity and promote osmosis, will lower the vascular tension 
and avert the danger. 

THE THYROID GLAND IN ITS RELATIONS TO DISEASE 
AND TREATMENT. 

The rdle of the thyroid in metabolism will be fully studied 
elsewhere in the present work. As to the scope of its influence 
both in health and disease, it is fittingly summarized by Ken¬ 
dall’s remark that: "The changes occurring in a patient with 
thyroid deficiency or in an experimental animal, by the adminis¬ 
tration of thyroid are so great that practically every cell within 
the organism is changed. The effects are felt throughout the 
nervous system and the circulatory system; the rate of metab¬ 
olism is enormously increased.” The articles on the diseases of 
the gland, especially hyperihyroidia* will further emphasize its 

* Rendlnser and Dumu: AnnatM de mSd. de Parti, tl, 106,1S14-UU. 
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activity as a cata^lic stimulant Of additional interest when 
its influence in nutritional diseases is taken into account, how¬ 
ever, as first shown by Horsley in 1893,“ and confirmed by 
Vassale, Blum and otliers, is tiiat this catabolic action includes 
the breaking down of toxic products of metabolism, i.e., the de- 
toxicatory rdle of the gland. 

The theory that the thyroid formed part of our imununizing 
*•«., our defensive functions against infections and 
exogenous patiiogenic agtmts was introduced by myself in 15)03’, 
gnil further developed in 15)07 in tlic early editions of the i»res- 
ent work." Briefly, it postulated tliat, in conjunction with the 
products of other glands, notably the adrenals and pancreas, 
the thyroid formed an autoantitoxin in which tlie thyroid secre¬ 
tion filled the r6le of bacterial sensitizing agent, such as tlmt 
described by Denys and Leclcf and which Sir A. E. Wright and 
Douglas termed “opsonin" This view has been repeatedly sus¬ 
tained in Europe. Fassin"* in the Bacteriological Institute of 
Li4ge, Belgium, and Marl)6®® at the I’asteiir Institute, both 
found—ti»e latter in 116 examinations'—tliat removal of the thy¬ 
roid gland “showed in every instance a most evident diminu¬ 
tion of opsonic power,” while SteiianotT,** also at the Pasteur 
Institute, observed “elevation of the opsonic index after injec¬ 
tions of thyroid extract in rabbits.” All thri*o concluded, fur 
thermore, that the thyroid played an important role in im¬ 
munity, Stepanoffs experiments bearing mainly upon the 
tubercle, diphtheria and coli bacilli, the staphyloc^ci and 
streptococci. Orth,®^ in three instances of tliyroidcctomy for 
goiter, observed sudden aggravation of moderate tuberculosis 
^n foUowed by death, and refers to Clairmont ^ 

ported similar observations in tuberculosis. Barbara®® also co - 
Lded after experimental studies that the thyroid was an n - 
portant factor in the defensive function of tlie Imdy against 
having W ««ong o'*" 

toniy caused immunizing agente, complement, opsoiiins, etc., 
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and phagocytosis to be notably reduced. -Koopman,’* of the 
Hague, in experiments on rdibits, found that thyroid therapy in¬ 
creased gradually the antibodies in the animals showing hy^ 
thyroidia—an observation frequently confirmed by practical ex¬ 
perience. Finally, omitting much additional evidence, Ideut.-. 
Colonel McCarrison,^** who has contributed likewise much to our 
knowledge of this function, states in a review of the whole 
question beginning with my labors: “The fact that the anti¬ 
toxic and bactericidal resources of the body are largely depend¬ 
ent on the functional perfection of the thyroparathyroid 
mechanism is, I believe, as clearly established as is the influence 
of this mechanism on metabolism.’’ 

The importance of tliis defensive mechanism in everyday 
diseases is shown by the manner in which the thyroid gland re¬ 
acts under the infectious diseases. In 1888, long before any 
connection with the processes of immunity was thought of. Hale 
White^^ had called attention to tho fact that this organ showed 
histological changes in acute infections. Boger and Oamier^* 
then noted that scarlet fever, measles, diphtheria, small-pox, 
typhoid fever, cerebrospinal meningitis and septic peritonitis, 
tuberculosis, lobar pneumonia and septicemia, which represented 
the entire series of the diseases in which the thyroid had been 
examined by them, all caused in the organ either congestion or 
hypertrophy with increased secretion, while in seventeen cases 
in which death had been caused by non-febrile diseases, the 
thyroid showed no histological changes. These observations 
have been repeatedly confirmed by other investigators in various 
countries. Notable among these was Farrant” who in 1913, 
found that while thyroid feeding failed to produce hyperplasia 
of the gland, this condition attended the various diseases of 
children. A comprehensive study then showed that^ besides the 
diseases enumera^ above, those which produced thyroid hyper¬ 
plasia were, bacillus coli infections, meningococcic infections, 
actinomycosis, acute anterior poliomyelitiB^- rheumatic fever, 
syphilis chronic nephritis, pernicious anemia, anthrax, dysen- 
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tsry, tetanus, glanders, malaria, bronchopneumonia, disorders 
due to the B. enteridis and to niicrocoiviis eatarilialis and 
hepatic cirshosis. It now became a (picstion as to whether the 
hyperplasia was not itself a morbid result of the disease pret’- 
ent. He found, however, that besides tlic action on the gland of 
diphtheria as a disease, “repeated injections of diplitheria toxin 
lead not only to tJie production of thyroid hyjjcrplnsia hut also 
to the formation of antitoxin,” tlius confirming directly niv 
earlier contention. 

Additional evidence is afforded by the multiplicity of dis¬ 
orders in which, as we all know, iodine and the iodides arc em¬ 
ployed with good results, even though their mode »>f H«'tion had 
remained obscure. Hare,” for instamv, writes: “The jdiysio- 
logical action of iodine, so far ns its alterative jwwers are con¬ 
cerned is absolutely unknown.” Concerning the iodides. 
Cushny” likewise states: “Their mode of action is still 
wrapped in mystery.” This obscurity disappears, however, when 
we recall that the active agent of tlie thyroid hormone is 
iodine in oiganic combination. Tims, Marine” found experi¬ 
mentally tliat thyroid tissue possessed extraordinary oilinity for 
iodine, as high as 18.5 per cent, of a given intake of this halo¬ 
gen given by moutli being recoverable from a thyroid whose 
ratio to the body weight is as 1 to 687. It absorbs iodine ac¬ 
cording to its size and the degree of hyperplasia present, until its 
capacity to do sa is reached. Clinical data show also that when 
this limit, which varies not only in different individuals, hiit 
often in the same individual, has l)ccn reached, iodisin ap|K!ars 
if iodine in any form is administered in excess of the al>iiity of 
the normal gland to convert it into its own product. Its protec¬ 
tion seems to begin in utcro; as shown by F. Fcngcr,^^ iodine 
is present in the gland long before birth, the proiiortion increas¬ 
ing as the fetus approaches term. 

On the whole, the invaluable property of iodine and the 
iodide we have classified temporarily under the term “altera¬ 
tives” should be credited to the thyroid secretion owing to its 

**1L A. Hare: Text-book of Practical Tberapeutlce, Pblla., 16tb cd., 300, 

lUA 

■ A. R. Cnehny: Pharmacolog* and Therapeutiee, Pblla., 7tb ad.. Oil, IMS. 

« David Marina: Jour. »ol. Cbem., xzll, M7, UIB. 

*• F. Fmiar, Ibid, xl, 48». UU. 



i4 TliB INTBRNAL SBtRETtONB IR PRACTICE. 

active participation in onr inunone diemietry. The rise of 
temperature and the rapid pulse we obEerve in acute infections 
are indications that the defensive reaction in which the thyroid 
body takes part is actively fulfilling its physiological rfile. Bx- 
p^ience the world over has now shown that death hovers over 
the sufferer whose defensive resources, through exhaustion, ad¬ 
vanced ag^ syphilis, etc., are unable to react defensively, as 
shown by a low temperature. 

In tile light of the foregoing facts, the temperature and 
basal metabolism do not only serve to indicate a febrile state 
■or hyperthyroidism, but they jointly furnish an indeX' of the 
efficiency of the systemic protective mechanism against infec¬ 
tion. This may be emphasized by the hypotiiyroid syndromes 
in which vulnerability to infection is characteristic. 

The most exaggerated expressions of this condition are, as 
is well known, tiic syndromes known as myxedema and cretinism 
which will be described in full in the section upon the diseases of 
the thyroid gland. What the practitioner often meets in his 
daily work, however, is a larval type of hypothyroidia, varjing 
in degree almost with each patient, and which underlies the 
pathogenesis of many chronic disorders, general and local. In 
tiiis form, the th 3 rroid apparatus supplies a part only of the 
secretion required by the tissues, and the resulting phenomena 
recall closely some of those observed both in myxedema and 
cretinism: Chilliness and subnormal temperature, coldness of 
the extremities and sensitiveness to cold; fatigue on slight exer¬ 
tion; constipation with tendency to tenesmus; frequent attacks 
of rnigraiM, "sick headaches” with nausea, vomiting, etc., and 
otlier periodic manifestations of autointoxication—^ue to In¬ 
adequate reduction of waste products and their retention in the 
blood. The skin taking part in the process of elimination, 
urticaria and eczema are frequently observed, while transitory 
edemas of the brow, around the eyes, and sometimes of the face, 
even in the absence of albuminuria or casts, point to renal 
fatigue. Enured is commonly observed in children of this 
type and may persist to adult age. The patient is subject to 
frequent catarrhal disorders of the respiratory passages, usually 
ascribed to colds, but due mainly to vascular and glandular re¬ 
laxation. A tendency to early alopecia, including the eyebrows 
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(especially the outer thinl), is also iioticcnhlo—a sign of defi¬ 
cient general nutrition which eoineidcs with a marked pro¬ 
clivity to early senility. 

In women tlia menstruation appears late, owing to n*- 
tarded development, and there is a proidivity to metrorrhatjui 
due to laxity of tlie muscular coats of the uterine arterioles due 
to concomitant hypoadrenia, while pelvic disorders are n]>t to 
occur ow'ing to deficient sup)M>rt of tlie utiTus and lack of tone 
in its muscular elements.- Leuforrhea is also frequent, owing 
to relaxation of the glandular elements of the whole genital 
tract. When such, women conceive ahoriion frequently results; 
if the fetus is carried to the normal ]icriiMl, they have little or 
no milk. A few examples will now he submitted to illustrate 
the importancxi of the thyroid body in iinmunology. 

Rheumatic Disohoeus. —In so far as the influence of the 
defensive functions is concerned, cretins and myxedeinatoiis jai- 
tients are known to be juirticularly liable to infeidions of all 
sorts. In the larval forms of hyiwthyroidin, this liahility is 
none the less marked, for as soon as the standard of protection 
falls below normal, as evidenced by hyjxithcnnia, which bcbikciis 
slowed metabolism, the multiplication of bacteria is no longer 
hampered. In both the acute and chronic forms of articular 
rheumatism signs of hypothyroidia may often be discerned. 
While in some patients a my.xedcmatous stalo is rendered evi¬ 
dent by a puffy infiltrated and rough skin, crisp hair, a husky 
voice, mental dullness and torjior, low blood-pressure, by|M»- 
thermia, deficient diuresis with low urea e.xeretion, in others, 
the larval signs can alone be discerned: A ti'iideney to I’old 
feet and hands, a pasty skin showing transient edemas, siant 
hair, obesity, psoriasis, eczema or herjics, nausea, constiiiatioii 
and myastiienia—all sufliciently marked to place the casew in a 
category of their ow'ii, i.e., those which resist tlie familiar 
methods of treatment. 

Is the rheumatic process to be attributed to tlie hyiiothy- 
roidia owing to the accumulation of wastes it entails in these 
cases? Were it so, rlieumatvtm should occur at least freipiently 
in cases of goiter showing the characteristic hypoUiyroid stig¬ 
mata; but a study of one hundred of such cases b\ Mouriquan* 
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and Crdmieu** showed that a tendency to rheumatism was pres¬ 
ent in but 8 per cent. They found, moreover, that sudi cases 
failed totally to yield to even intensive treatmenl^ 75 grains or 
more of sodium salicylate per day, for instance, alon^ with 
other familiar agents. They also observed, however, that thy¬ 
roid gland in small doses, gprains or less per day, given jn 
addition to the salicylates, relieved all acute symptoms promptly, 
in one instance wiliiin forty-eight hours, and led ultimately to 
recovery where many months of treatment by the usual methods 
alone had proven useless. The thyroid was undoubtedly the 
beneficial factor, for its withdrawal would promptly be followed 
by a recurrence of symptoms, while its resumption would as 
soon initiate steady improvement. 

We have distinct evidence of the bactericidal or antitoxic 
influence of the thyroid product in this connection when we 
recall that focal infections are important etiological factors in 
all forms of rheumatism, polyarticular, muscular, acute or 
chronic. It is the concurrence of the infection with hypothy- 
roidia which initiates and sustains tlie disease; the thyroid gland 
being unable to carry on its share of the defensive function, 
which is to sensitize the bacteria and their toxins preparatory to 
their proteolysis, their conversion into eliminable wastes is not 
accomplished. The salicylates in such cases play merely the 
r61e of analgesic by causing constriction of the arterioles whicdi, 
while relaxed, had permitted hjrperemia of the joints to occur 
and cause the local heat and swelling observed. 

An essential feature of the use of thyroid products is that 
small doses only should be used. When first tried, they were 
found harmful, merely because of ignorance of their mode of 
action. This was long ago emphasized by the late H. C. Wood, 
Sr.,T* who showed that doses of 3 to 5 grains could cause very 
severe articular rheumatism with edema. A single grain of 
desiccated gland twice daily usually suffices. Leopold-L^vi*** 
has found that even smaller dosage, not more than grains 
three times a week gradually increased to one dose daily were 
curative. In some instances, minute doses, grain, pr^uced 

** HenriquMid and Crdmien: Paris'mdd.. ill. 444, iSU. 

"H. OWpod, Sr.: Phils. Usd. Jour.. I. lOU. UM. 

* tiSopold-Ldrl: Las dosss «> thdraphutlque thTroldlesnsb Paris, 1-S7, ISU. 
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ezod^i effects, he states, where larger doses had failed. A 
peculiarity of the thyroid gland is that hypoUiyroidia occurs as 
soon as ita secretion has just gone below tlio normal level, a fact 
which imposes the necessity of adjusting the dose to each pa¬ 
tient. I have obtained considerable improvement even where 
the stage of arthritis deformans had been reached, where a 
causative infection could be found and eliminated—an imjwr- 
tant feature in all cases of articular rheumatism. Udidelton"' 
holds that very few cases of long standing artliritis fail to show 
some degree of thyroid failure. Important also in this con- 
nection, is the fact that atrophy of tlic thyroid progresses with 
old age precisely as is the case with the adrenals. 

Pulmonary Disoqders. —The participation of the thyroid 
in our defenses against infection, is also demonstrable in iml- 
monaiy tuberculosis. 

We have seen tliat in 1903 and 1907, 1 lia<l pointed out Unit 
the thyroid secretion was a constituent of the systemic anti¬ 
toxin, its special rdle being that of opsonin and that tliia view 
had repeatedly been confirmed by others. In a study of experi¬ 
mental tuberculosis in guinea-pigs and rabbits, C. Pnigoni"* 
administeied th3rroid gland to tlicsc animals, and found Imth 
in vivo and in vitro that the opsonic index was markedly raised 
in them as compared with their controls. With Orixoiii’'* the 
same observer had also found experimentally that the daily 
administration of thyroid gland at a time corrcs]>onding to or 
preceding infection with tuliercnlosis, and in sudi doses as arc 
well borne, caused an energetic acceleration of the metalwlisin of 
the organism and modified favorably the action of tlie experi¬ 
mental tuberculous infection in rabbits. The animals treated 
with tiiyioid gland lived longer than the control animals, and 
in some cases life was prolonged indefinitely. G. B. Webb,** 
referring to experiments by Gilbert and himself, and remarking 
that enlargement of the thyroid gland is very frequent in early 
cases of pulmonary tuberculosis* whereas in late stages this 
gland would appear to share in tlic general atrophy, states that 


*^W. J. MideltMi: Practitioner, Ixxsvlll, 180, 1012. 

••C. Prugonl: II Tommasl, iv. No. 21, Mil; Abet. In Lee Nounraux Rcmedre, 

**^’^uionl'aa« Grfxool: Berl. kiln. V^., xlvl, ll«B, IW- 

•*0. B, Webb: Joor. Lab. and Clin. Med., I. <1*. nopuch 

• I emphoolse this observation, conSmed by other wfio 

roeently advoemted removal of the UiyroW, dlaregardlng Ita defenaivo roic. 
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they removed from three^oarths to the whole of tiie thyroid 
^aiid in one set of guinea-pigs, and exposed but did not remove 
tile same gland in controls. Four wec^s later each pig of both 
series received a sabcutaneous inoculation of forty living viru¬ 
lent human tubercle badlli. They also found in two series of 
experiments (B and C) that the tuberculous pigs from whom 
the thyroids were removed died earlier and had more extensive 
tuberculosis than the controls, thus showing that the thyroid 
left tn sUu in the controls had evidently afforded protection in 
these two series. 

Yet in A series, from which three-quarters of tiie gland only 
had been removed by Webb, the result was quite different. 
While the control pigs, those in whidi the thyroid had been left, 
"were thin and emaciated and dying,” the others, though de¬ 
prived of a large part of their gland '‘were fat and healthy in 
appearance” I He also cites Launoy and lAvy-BruhlV observa¬ 
tions in chickens infected with spirocheta gallinarum after re¬ 
moval of the thyroid, that thyroidectomy did not modify the 
infection, and then concludes that his own experiments "would 
seem to suggest that in tuberculosis in guinea-pigs the thyroid 
gland tends to hypertrophy but that any decided bearing on im¬ 
munity processes is not detected.” Why this discrepancy with 
his results in his B and C seriea? 

Light from other directions justifies Webb’s conclusions 
that the thyroid has no direct bearing upon the immune process 
per ee. I^'elstad** found that removal of the tiiyroid from rab¬ 
bits did not materially affect the formation of immune bodies 
and particularly tlie agglutinins, while Frugoni” noted in the 
experiments referred to above, that while the bacteriolytic bodies 
and agglutinins were practically similar to tiiose in the controls, 
the opsonic index was notably* raised in animals treated with 
thyroid preparations, thus facUitating the destruction of the 
tubercle bacilli. Briefly,,the thyroid hormone does only what 1 
attributed to it as opsonin, or sensUking atibstance which ren¬ 
ders micro-organisms vulnerable to the proteolytic destruction 
by phagocytes and in the serum (bacteriotropins) and resists 

OLaunor and lierx-BruU: AnnalSa de I'lnat. Paateur, nla, IlS, UU. 

*■0. A. FJelatad: Amer. Jour. Phjralol., izrl, n, UlO. 

"Frugooi: IM, «<l. 
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heat up to 60 to 65° C.** la other word^, it is not the immune 
body nor an agglutinin, although it may combine witli these 
bodies and thus take part, as stated, in the defensive process. 

All this has served to show, moreover, the importance of 
hypothyroidia in tiie genesis of tuberculosis. We may be satu¬ 
rated with immune bodies, complements, agglutinins, prccipitins. 
etc., but if the pathogenic genus and tlioir toxins are not sen¬ 
sitized, i.a., prepared to bo attacked by phagocytes and the pro¬ 
teolytic substances the senim contains, infection progresses re¬ 
gardless of these militant agents. 

As is well known, vulnerability to tuliercnlous infection is 
characteristic of cases of hypotliyroidism—a fact which explains 
Joseph Walsh’s observation at the I’hipp’s Institute that “the 
only specific which has stood the test of time in tuliercnlosis is 
iodine." Although published si.xteen years ago,** this remark 
still holds while tulierculin has virtually fallen by the waysidi* 
in the treatment of tlie disease. 

Knowledge of the relationship between hypothyroidia and 
tuberculous' infection should enable us to forestall it Indeed, 
in the presence or more or less adynamia, pallor, low arterial 
tension, weak cardiac impulse, sensitiveness to cold and gastro¬ 
intestinal discomfort, our mission should be to begin at once 


judicious iodine treatment, in order to increase the defensive 
efficiency a od prevent infection. In such subjects, moreover, 
any degree of cough and emaciation should be looked upon w ith 
suspicion, and treated, in so far ns the use of iodine prepara¬ 
tions are concerned, without waiting for the appearance of 
tubercle bacilli in tlie sputum. The very large prqwrtion of 
autopsies which show healed calcareous and sclerotic areas in 
the lungs-from 60 per cent (Biggs) to 95 per cent (Nacgeli) 
of persons who had died of other diseases long after the pul¬ 
monary lesion had healed, betokens the awakening of deferunve 
hyperthyroidia among other protective features, when the infec¬ 
tion first occurred. This, with a little judicious assistance, 
might be caused to prevail in every cascJ treated in time, hven 
where tuberculosis already exists the thyroid gland carries on itR 


u. 
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defensiTO r61e; Fajuawa*” found that organs with tuberculous 
foci contained more iodine than all others. 

Important in this connection is the fact previously re¬ 
ferred to> that the thyroid may become enlarged early in teber- 
culous infection and that removal of the gland under such con¬ 
ditions may greatly hasten the morbid process. Although I do 
not advocate thyroidectomy, because of the rdle of the gland in 
systemic immunity, excepting when a goiter is causing pres¬ 
sure or its systemiq effects are growing dangerous to life, the 
fact remains that many think otherwise, notably surgeons. The 
differential diagnosis between a mild hyperthyroidia with 
goiter and enlargement of the gland due to tuberculous infec¬ 
tion then assumes cardinal importance. Tuberculous cases be¬ 
fore the pulmonary signs appear, are apt to undergo more rapid 
emaciation and to have a morning cough; the temperature re¬ 
mains above normal and may show an afternoon rise; the pulse 
is also rapid but steadily so and not influenced by trifles; there 
is no tremor. The enlarged gland is usually soft and compres¬ 
sible and soon b^ns to recede when iodine in any form is 
administered. 

Mental Disorders. —^In the catatonic form of dementia 
pracox, we witness, from my viewpoint, another phase of defen¬ 
sive activity of tlie thyroid, but exceeding as in Graves’s dis¬ 
ease, its normal bounds, to such a degree in fact, as to break 
down, in predisposed subjects, the phosphorized fats or myelins 
of the cortical and other neurons. This subject will be consid¬ 
ered in full on page 325 and introduce besides p^sonal labors, 
those of Fujisawa,®® Berkley and Follis,®* Kanavel and Pollock,®* 
Dercum and Ellis,®* Peabody,®* Bayard Holmes,®* Bomstein,®® 
Dercum,®* Jelliffe®" and others. 


** FujiMwa: Hlttell. a. d. Med. FakuIUt d. k. UnlT. Tokjro, zlx, 8W, 1918. 
n Berkley and FoIIla: Amer. Jour. Inaaalty, Izt. 416, lM8-im. 

"Kanavel and Pollock: Traaa. Mlae. Valley Med. Aaaoo.; Jour. Amer. Med. 
Amuc., nil. 1876, 1908. 

" Dercum and Bllla:' Jour. Nerv.and Mental DIa., zl, 78, 19ia 
"A. H. Peabody: Beaton Med. and Surg. Jour., elzlll, 196, 1910. 

" Bayard Holmea: Trana. Lab. of Paychol. Cook Co. Hoop., 808, 19ia 
" A. Bomatein: HSneh. med. Woeh.. lz-8, 1994, 1818. 

" F. X. Dercum: N. T. Med. Jour., elv, 889, 1916. 

**B. E. JelllSe: Traaa. Amer, Congr. Internal Med.; Med. Ree., zcl, 186, 
1917. 
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THE PANCREAS IN DISEASE AND TREATMENT. 

In its relations with disease, the pancreas, besides takin); 
part in carbohydrate metabolism, supplies enzymes which also 
t^tlre part in protein metabolism as well in the systemic defen¬ 
sive functions, along with the adrenal and thyroid hormones. A 
study of the trophocytes of siionpos, laboratory studies of the 
properties of ferments in lower forms, the migratory jmwers 
of leucoeytes in higher forms, etc. (ino:M!)07) led me to c-on- 
clude that some leucocA’tes, at least, migrated from the intes¬ 
tinal C B Ti g l to the tissue i-clls, there to carry on, among other 
funetions, that of proteolysis. 

Abderhalden subsetpiently (1905-1915)®* reached very simi¬ 
lar conclusions. “Everything points,” writes tliis biochemist., 
“to the fact that the [tissuel cell has agents at its disixisal 
whieh render it capable of splitting up into their simplest iinils 
all the complicated substances winch are l)rouglit to it or whicli 
it itself builds up” Again, “Each separate cell with very few 
exceptions disposes of the same or similar ferments as thotv 
secreted by thd digestive glands in the inlestinal canal.” As to 
the manner in whieh the tissue cells are rcachtsl by these fer¬ 
ments, he writes: “Many facts acc<jrd with the suggestion that 
the leucocytes play a part in connection herewitlu” In keeping 
with my own views, Abderhalden has termed the digestive 
enzyme a “defensive ferment,” thus bringing, he adds, “the so- 
called reactions of immunity into close line with processes that 
are normal and consequently familiar to the cells. 

As to the actual presence of digestive enzymes in tissue 
cells, we may quote Mendel’s statement- that “enzymes am no 
longer thought of exclusively as agents of the digestive appar¬ 
atus; they enter everj'u'here into the manifold activities in al¬ 
most eve^ feature of metabolism.” Vaughan'*' also stetes that, 
“the cell which can no longer supply a digestive ferment is a - 
ready dead whatever be the kind or amount of pahuliim snr 
rounding it.” As to the personal view that tlie blood was 

"TT'A^ertiaMea: Defen-ve rennonta o, tha Animal 0 ««U.m. N. V.. 
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wise tlie seat of a similar defensive process tiirough the inter¬ 
mediary of trypsin, I may recall E. L. Opie’s statement’®* that 
“the ability of the blood to remove injurions material is de¬ 
pendent on the possession of proteolytic enzymes. Peculiar to 
the polymorphonuclear leucoc^tra is an enzyme which, like 
trypsin, exerts its digestive action in an alkaline medium.” 
Stocker’®* also states tliat any leucorrheal discharge contains a 
large number of polymorphonuclear leucocytes which are found 
to contain a proteolytic enzyme capable of digesting albumin, 
while Fiessinger and Clogne’®® found that these secreted an 
enzyme similar to that of pus leucocytes “whose action,” they 
state, “resembles that of trypsin.” 

What is the relationship between, on the one hand, the ad¬ 
renal secretion, which we have seen, carries on tissue oxygena¬ 
tion, and the thyroid secretion which also markedly-influences 
gaseous exchanges and takes part in the defensive process, and, 
on the other, tihe pancreatic enzyme trypsin which likewise is 
now shown to take an active part in this same defensive func¬ 
tion? It appeara to be as follows: Having traced the thyro- 
parathyroid secretion to the lungs, where it entered the erythro¬ 
cytes with the oxyhmmoglobin, I found that the blood platelets 
were secreted by the red cells. The thyroid product, or opsonin, in 
the immunological field, thus became, from my viewpoint, a part 
of tlie blood platelets. G. E. Webb’®* states that with Gilbert 
and Havens, he had reported experiments ^‘which would indi¬ 
cate that blood platelets either carry or supply opsonins,” thus 
confirming my conclusion. Trypsin, we have seen, is a con¬ 
stituent of leucocytes which, as many available data show, may 
also secrete tlieir contents in the blood or in Ihie tissues.' In 
both these then (also in the phagocytes) the defensive process is 
as follows: Trypsin requires a temperature above normal to 
become defensively active (fever), its maximum efficiency being 
between”104 or 105“ P.; this heat energy is provided by a 
process in which the oxygen-laden adrenin in the oxyhemoglobin 
is the most active factor. The opsonin having sensitized the 
germ, cell, toxin or waste product to be broken down, it is 

B. L. Opie: Arch. Internal Med., ▼. 541, 1910. 

><*8. Stocker, Jr.: Ornecolo^n Helvetica, xl, 100. 1911. 

*** FleoslBKer and Clogne: Annalea de MOd. de Paris, 446, 1917. 

>e*Webb, Ollbert and Havens; Arcb. Internal Med., xlv, 743, 1914. 
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^gested by the trvpsiu prceiecly as it woiihl lie in the alimeutarv 
tract 

When all goes well and normal fever, tlio expression of 
'active, but safe Uefeiise, prevails, the trypsie enzyme simply 
digests the pathogenic agent (in Inith blood and phagocytes) 
whatever it be, but when hyperthermia jircvails, the digestive 
i or proteolytic activity of the trypsin htwines exct'ssive. It then 
, includes in its digestive field the red corpnsi'les (hivmolysis), tlie 
' vascular endothelium and the si'rosie, |)oritoncul, pleural, ]K!ri* 

' cardial, etc., the walls of which are richly supplied with blood¬ 
vessels (autolysis). The endwardium is another example of 
this'morbid process and the prcsimt conception of endorartlilin 
in tliis connection is so obviously the cause of the prevailing 
high mortality of this disease and its evil consoipienccs, val¬ 
vular disorders, tliat it was selected ns an example of the patho¬ 
genic effects of the circulatory digestive enzymes when Uicy are 
given, as they are now, full sway. 

' Caudiac and VALvrwii DisoiinEHS.—Under present con¬ 
ditions, malignant ca.scs of emhearditu are procli<*nlly always 
fatal, while in the less severe forms, tlie valvular and endocar¬ 
dial lesions so impair the functional cfiiciency of the heart as to 
favor an ultimate fatal ^•n^ling. This is so inarkeil that the 
mortality statistics of the IJ»11 (’ensus refer U> the dentlis from 
organic heart disease as “the largest number clnssili<*d under 
any of the titles in tho int«>rnntional list of causes of death for 
tliat year.” It states furthermore that “<l<*atha from this <*^180 
exceed the number charged to tuberculosis of the lungs by 
more than !»)0() and the number assigned to pneumonia (all 
forms), by nearly 10,000.” 

In tlie light of the foregoing data, and ns I have long 
urged, this mortality is due in tlie main to the prevailing inter¬ 
pretation of tlie cardiovascular lesions in this disease. These, 
briefly, are attributed to the action of the bai-terirf themselves, 
a pure theory the truth of which no one has ever demonstrated. 
The pathogenie organism, whichever it be, may of course Ik* 
found on the endocardium and on the valves, which tliey reach 
with the circulating blood. They may even, as shown by Rose- 
now, penetrate beneath the endothelium, carried therein in the 
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blood of the capillaries, aa shown by Bayne-Jones.'** Yet; if 
bacteria are the direct factors in the process, how, for instance, 
account for the observation of Christian and Walker***^ that cer¬ 
tain drugs also cause lesions of the endocardium, uranium, 
nitrate, potassium bichromate, arsenic in various forms, spartein 
and adrenalin given in succession ? As is well know'n, glycosuria 
is caused by uranium, and likewise by pancreatic overactivity, 
under the action of the adrenal* and thyroid secretions, as 
shown under the next heading. Potassium bichromate is an¬ 
other active adrenal stimulant, its aflinity for this agent being 
illustrated by the “chromaffin’* reaction. Tlie arsenates are 
noted for their “nitritoid** action wliich entails relaxation of 
arterioles and the admission of an excess of arterial blood into 
all organs, including tlie pancreas. Finally, si>artcin is like¬ 
wise an adrenal stimulant, while adrenalin, as shown by Blum, 
Herter and otlicrs, causes glycosuria by exciting pancreatic 
action. In other words, all these agents, either directly or in¬ 
directly, are capable of enhancing the functional activity of the 
pancreas, and, by causing a defensive reaction of the adrenals 
and thyroid, tlius accelerating oxygenation and by raising the 
temperature, of increasing the proteolytic activity of the trypsin 
secreted by the pancreas. As emphasized recently by Madsen,”® 
phagocytic activity increases as the temperature rises, a fact 
which applies as well to tlie serum. 

The production of endocardial lesions by certain drugs ob¬ 
served by Christian and Walker thus finds its explanation in 
tlie fact that the defensive enzyme rendered overactive by the 
increa.sed oxygenation due to the adrenal stimulation and tlie 
cpinephrin caused the endocardial lesions. This applies, from 
my viewpoint, to the endocarditis of bacterial origin as w'ell, the 
many organisms, of which tlie streptococcus staphylococcus 
aureus and gonococcus being probably the most active in this 


B. Bayne-Jonei; Amer. Jour, of Anatomy, sxl, 449. 1917. 

><* Cbrlatian and Walker: Tnna. Axncr. Soc. for Adv. of Clin. InyestlK.. 
Boaton Med. and Sun. Jour., clxfl. 901, 1910. 

* To advance at alt In the atudy of the relaUona between the pancreaa and 
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eoDJitiCtiou. Tiii'ir pn'M'iu-t' ll|•l•ll or uiiliin tlio (‘luliH'iiriliJil 
tissues causing tlicin to hv .-iitackoii <lcfi>nsivoIy I»y tlio tryptit' 
oniynic and pliagoc-ytcs, lioUi raised to oxfossivo iligcstive clVi- 
cieiicy by the rtuicoiiiiUint hy|i«*rpyn*\ia, mainly of adnmal 
origin, after lioUi gerina and bvxins have Ikh'ii sonsitired hy tlie 
thyroid homiono, tlie tissues thenistdves iiniIer;;o proUHitysis or 
digestion and lireak down. .An aoiito ltH*al intlaniniatorv prtM*- 
esa follows, attended by the formation •tf ve^ietations whieh 
cvcntnallv lead to the familiar It'sions of the valves, ehordie 
tend ilia', etc. 

The treaUnent iiiuler these *‘onditions should aim to reiluee 
the proteolytic activity of the defensive ferment. This mav l<e 
done hy increasing the osmotic pro|M*rties of the hltsid ami its 
fluidity hy tlie n.se of hyjsslernioclysis or in llinMleiiiii;! cas*-. 
saline sidution intravenously, with the fnv iisi' of alkaline 
waters as beverage. Sodium hnunide or veralmm viride an* also 
useful t«i re<liice the vascular tension and thereby the friction 
of the hhaal (*011111111 u|>on the emhvardium and valves. The 
bromides also promote rest and slet'p. strict rc'st in lM*d being 
iinpcrative. The ice hag over the heart and cold s|ionging tend 
likewiM* to limit the proteolytic aclivity of the hlood enxymes hy 
•listraeting heat, A<lrenal .'•timulant**. digitalis, slrychiiiii, 
strophanthus and epiiicphriii are iil»M»lutely contraindicated un¬ 
less the case is st‘cn when heart failure threatens. Kveii then 
it is preferable to lir-t try camphor or aromatic s)iirit of am- 
nioiiia and to resort to tin? form(*r only when the latti*r fail. 

All these facts apply e(|ually well in tlwiir general lines to 
the di.scascs of the various scnuis membranes. phuHstf. prnenr- 
tlitis, perilonULt, etc. 

Metaiioi.R' |)i.soiii>kiih. - t^fyco-oiria follows reinovnl of the 
pancrcaa and ceases if pHiicreatic tissue is Bucc(*ssfully grafted 
even in some renioto situation. As.t/i how the pancreatic'inter¬ 
nal secretion causes glycosuria. Swale \ inceiit'" writ's: ‘ANe 
can only say that it exerts some influence iijsm the carlaihy- 
dratc metabolism, either hy favoring the fonnation of glycogen 
in the liver from the glucose taken to it hy the jKirtal vein, or 
by favoring the oxidation of glucose in the tisaues generally.” 


ui aval* Vlncaat; IM. eU. 
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Ip view of the r61e in oxidation I have attributed to the adrenals, 
these oi^ians suggest Hiemselves as factors in the process; this is 
further anphasized by the fact that Blum, Herter, Croftan and 
others produced glycosuria by injecting adrenal extract while, 
as Claude Bernard, KaufEmann and others have observed, sec¬ 
tion the splanchnics, whidi contain tiie secretory nerves to 
the adrenals, caused cessation of glycosuria. It is evident, 
therefore, that these organs take part in the morbid process. 
In the first edition of this work I pointed out that they did so 
under the infiuence of the familiar causal factors, including in¬ 
fections, mental stress, head traumatisms, excessive eating and 
drinking, etc., by becomii^ overactive. The pancreas being thus 
subjected to hyperoxygenation, its amylopsin, also secreted in 
excess, converts the tissue glycogen into sugar which the kid¬ 
neys'excrete as rapidly as they can. Hence the fact that, as 
stated by W. 0. MacOallum, in the 1920 edition of his Path¬ 
ology”* : "In diabetes melUtus the glycogen content of most of 
the tissues is found to be decreased, although for some reason 
the cells of pert of the convoluted tubules of the kidney, the 
heart muscle and the leucocytes become loaded with it,’* rmnark- 
ing also, "no explanation for tiiis is known.” 

Although we are dealing witii a manifestation of hyperad- 
renalism, the-usual symptoms and histological changes of this 
condition: bulimia, arteriosclerosis, high blood tension, etc., 
are few. This is because they are submerged by the symptoms 
of pancreatic exhaustion, the or^n showing lesions such as in- 
teracinar pancreatitis with sclerosis or degeneration of islands 
of Langerhans, as in 79 out of 90 cases examined by Cecil,'** 
the remaining 11 showed either diminution of the islands or 
atrophy of the organ as a whole. Weicbselbaum”* also found 
the islands of Langerhans "strikingly patlmlogic,” 183 cadavers 
of dial^etes, although! no such lesions were found in the pancreas 
of 73 in which death had been due to tuberculosis. The im¬ 
portance of the panrareas, is., its trypsin, in the very life of the 
tissue cdl and in the defensive functions of the entire organism 

•xw. O. MMCallum: Tent-book of PeUurioKr, Philo. onS London. M ed., 
US, IMW. 
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explains tiie severity of tlie c-omplicatious tliat ensue when the 
pancreatic lesions.ore widespread. Particularly is this tlie case 
when acidosis (acetonemia) prevails, the trypsic enzyme re¬ 
quiring an alkaline medium. 

The gravity of tlie pancreatic lesions is due to tlie fact 
pointed out by L6pine”® that the pancreas has the highest tem¬ 
perature of the body during digestion. When we recall the in¬ 
fluence of high temperature on the proteolytic activity of trypsin, 
the fact that autolytic lesions followed by sclerosis are found 
in. the organ need not excite surprise. They sometimes involve 
the entire pancreas. 

Diabetes is inadequately described in the average text-lmok, 
therefore, as “a disorder of metabolism characterized by impair¬ 
ment of the ability of the tissues to utilize carbohydrate.” The 
tissues are only impaired as the result of a primary disorder 
of the adreno-puicreatico-hepatic mechanism. The symptoms 
of the disease, considered from tliis viewpoint, assume a differ¬ 
ent aspect—one enabling us to identify their source, and there¬ 
fore to direct our therapeutic efforts more intelligently. 

Due mainly to hyperadrenia and the resulting constriction 
of the arterioles at large plus the excessive loss of fluid caused 
by the polyuria, are the initial thirst, dryness and redness of the 
oral cavity and tongue, and the viscidity of the saliva, tlie dry 
and harsh skin with defleient perspiration and epitiielial dry¬ 
ness of the mucous membranes, which in turn entails pruritus, 
and the excessive appetite due to accelerated tissue metaliolism, 
with tendency to emaciation and irritability. This constitutes 
the sthenic j^ase. 

X Then appear, increasingly, phenomena which coincide witli 
the presence of more or less marked serious lesions in the pan¬ 
creas, the result of excessive metabolism therein and perhaps of 
autolysis. Its secretory activity becoming impaired tiie tissue 
cells of the body at large begin to miss the ferment without 
which, as Vaughan said, we have seen, a cell “is already dead 
whatever be tiie kind or amount of pabulum surrounding it.” 
This initiates the asthenic phase, manifested by pallor, some¬ 
times with obesity, or emaciation and debility. Denutrition 

*** R. LSelBe: Arch. Sc MSd. Bxper.. xi, 74S, lIM. 
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following, the teeth become carious and tend to fall out; vari 
ous so-called complications follow, neuritis and other nervous 
disorders, with loss of reflexes, gastrointestinal disturbances, 
boils, carbuncles, necrotic or gangrenous foci, disorders ot 
vision through atrophy of the optic nerve, cataract, impotence, 
sterility, ete., and other familiar complications. Among these 
is hypothermia which, when persistent, indicates another patho¬ 
logical development, exhaustion of the adrenals, so marked iii 
some instances as to cause bronzing similar to that observed in 
Addison’s disease. Acidosis, giving the breath a peculiar odor of 
apples, due to defective consumption of fats, is a threatening 
symptom which a too rigorous diet may promote. Tlie patient 
is then liable to various infections, ^berculosis, pneumonia, 
otitis media, cutaneous disorders, etc. The acute infections arc 
always serious in this advanced stage, the deficiency of trypsin, 
the main defensive ferment and concomitant failure of the ad¬ 
renals and thjToid, practically annulling the production of auto- 
protective substances. Tn about one-half of the cases death is 
due to coma, the result in turn of acidosis and failure ot the 
defensive mechanism to antagonize it. 

The treatment under present conditions only aims to con¬ 
trol the symptoms. While many patients are greatly improved, 
particularly since tlie Allen treatment has been added to our 
resources, the fact remains that, if the initial pathogenic factors 
could be eliminated, which at present is not even attempted, hope 
for better results might be entertained. This should include, 
besides tlte dietetic regime, a careful search for the cause of the 
hyperadrenia of which overeating, a familiar cause of dia¬ 
betes and hyperadrenalism, is a prominent example. From my 
viewpoint the Allen treatment is helpful also owing to the fact 
that temporary starvation reduces the adrenal erethism. During 
the world war and after, various authors including Magnus- 
Iievy,“* Elias and Singer,and others, emphasized the marked 
reduction of mortality from diabetes which they attribute to 
cessation of overeating in Germany and of rationing in Austria. 
Allen”* also found that even in those patients who become free 

>>*A. IfacDua-Levy: Deut med. Woeb., xIt. 1S79. ISIS. 

Bltu and Stnsar: Wiener Utn. Woch., mull. 60S, ISU. 

lu F. M. Allen: Jour. Biper. Med., »zl, 368, 1880. 



THB INTERNAL SBCRBTI0N8 IN PRACTICB. 


39 


from glycosuria on the witiidrawal of sugar only, other foods 
should ^BO be limited. Meats ore active adrenal stimulants; in 
my experience wheat flour seemed also somewhat so. Tlie hene- 
Rcial influence of fast days and half days is likewise partly due 
to inhibition of the adrenals, while the familiar hannful elTccts 
of violent exertion) are accounted for by its exciting effect upon 
tliese organs and the resulting exaggerated oxygenation and 
metabolism, which in turn underlie the pancreatic lesions. 

Any other etiological factor should, if possible, bo. removed. 
All those enumerated in text-books, including fright, violent ex¬ 
citement, head trauma, etc., tend to cause hyperadrenia. 

In 1905“* and repeatedly since, I urged on the basis of 
concurring histological, physiological and clinical data, that the 
glycosuria due to lesions of the pituitary was produccil through 
the intermediary of nerve-fmths passing by way of the infundi¬ 
bulum basal tissues, medulla, spinal cord and the splanchnic 
nerve to the adrenals.. This also has been confinned. • Keeton 
and Becht,”® after an experinjental study (1919), state that 
“the data presented demonstrate clearly that if the stimulus be 
prevented from reaching tlio level of the adrenals, no hyper¬ 
glycemia results, from stimulation of the hypophysis.” Much 
additional evidence of the presence of a nerve path along the 
Itasal tissues will be submitted later. 

How subdue the adrenal erethism while and after eliminat¬ 
ing its cause? This question emphasizes the danger of the pre¬ 
vailing promiscuous use of organic products and accounts for 
the harmful effects recorded by some observers, particularly with 
hypophysis sicca, which owes its activity in part to the chro¬ 
maffin substance it contains. Strychnine, an adrenal stimulant, 
is also hannful at tins stage. (Conversely, the use of arsenic, 
preferably the bromide of arsenic (Clemens’s solution) the 
dosage of which is one-third that of Fowler’s, to inhibit the 
thyroid and thereby general metabolism in both the adrenals 
and pancreas; strontium bromide, to depress the sensory cen¬ 
ters; chloral hydrate, for the same purjwse when there is in¬ 
somnia; the coal-tars, salicylates, etc. The use of considerable 
fluid, alkaline waters preferably Vichy (Source C^lestin), saline 
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ppoctodyBiB -or eron hypodennoclyBw, are also indicated during 
the ethenie etage to decrease the viscidity of the blood and pro¬ 
mote osmosis. All these agents added to the dietetic measures— 
including enough carbohydrate to control the acidosis—are not 
only effective, but tend greatly to arrest the pancreatic morbid 
proc^. When we realize thatf in keeping with all endocrine, a 
fraction of the pancreas can carry on its functions—a fact em¬ 
phasized by the protective effect of the experimental graft—the 
feasibility of such a result suggests itself. 

The presence of the astlienic phase symptoms indicates the 
need of compensative treatment especially when dyspnea, hypo¬ 
thermia and low blood pressure are present. Then the hypo¬ 
physis sicca, in ^o-grain doses thrice daily during meals, is to 
be preferred to adrenalin, its effects corresponding with those 
of the adrenal cortex and medulla. Koo{Hnan’s experience*** 
corresponds with mine. It often increases markedly the protein-, 
bread-, and meat- tolerance. Concomitantly, however, 
or better pancreatin, should be given in full doses, one hour 
after meals. 

Diabbtss Insipidus. —In this disorder, characterized by 
niMked polyuria^ urine of low specific gravity and excessive 
thirst, “the true nature of which is unknown,” according to 
Eisner,’** the essential factor from my viewpoint is hypoadrenia. 
It may be caused by severing the splanchnic nerve which con¬ 
tains the secretory nerves to the adrenals, as shown by lApine,*** 
and may be checked by vasoconstrictors especially those giving 
adrenal reactions sudi as posterior pituitary gland, or which 
stimulate the adrenals, such as stiychnine, or direct vasocon¬ 
strictors of the ergot type. 

lApine's observation that section of the splanchnic nerves 
arrests ^lyuria coincides with Keeton and Bechfs arrest of 
glycosuria by the same operation referred to. But in ihe 
foimer observer’s experiment, polyuria was produced in normal 
animals by section of Ihe splanchnic, while in Keeton and 
Beeht’s, gly^uria was arreated by; the same procedure. Hence 
my condusion that polyuria is due, not to stimulation of the 
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adrenals as in diabetes, but to arrest of the nomud nerrous 
impulses from the posterior pituitary to tiiat organ. Becalling 
in this connection that in 1907“* I traced this path 'through 
nerves from the gianbcell suprainfuiidibular nucleus and in 
the tuber cinereum/’ the following conclusion of Camus and 
Boub^“' is of special interest: ‘*The important fact is that a 
superficial lesion of the base of the brain, often involving only 
the surface and produced involuntarily in the removal of the 
pituitary body, is followed by polyuria. In our animals it seems 
that the opto-peduncular region alone marks the zone within 
which a Iraion is followed by polyuria. It lies at the level of 
the grey substance of the tuhsr cinereum in the vicinity of the 
infundibulum.’* 

Besides the diuresis, there are otlier signs of dilation of 
the arterioles, due to the hypoadrenia: Abnormal flow of saliva, 
relaxation of the muscular coat of tlie stomach causing digestive 
disorder, constipation also due to muscular atony, reduction of 
the oxygen intake and of the carbon dioxide output, deficient 
cutaneous perspiration with dryness of the skin. All these 
symptoms, in true cases of diabetes insipidus are promptly re¬ 
lieve and often cured (unless due to cerebral or pituitary’ 
tumors or other organic disorders which impair the conductivity 
of impulses to the adrenals) by administering hypophysis sicca 
in ^o-grain doses with ergotine, 1 grain, both three times daily, 
to compensate for the adrenal insufficiency and the resulting 
relaxation of the arterioles including those of tlie hypophysis 
and kidneys. In most cases, only the hypodermic use of pos¬ 
terior pituitary liquid will prove efficient. Anterior lobe, as 
observed by Motzfeidt“* has no such effect. 

Hepatio Disorders. —^Although portal cirrhosis is usually 
associated with tiie excessive use of alcohol, it likewise occurs, 
as is well known, in people who never indulge in it, the Brah¬ 
mins for i naiaHinfl They USB, howcvcr, irritating condiments, 
red pepper, ginger, cardamon, etc., very freely. Various poison¬ 
ous iwftteTiw.la circulating in the blood may also cause it, as 
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emphasized by W. G. MacCallum/*^ while diseases, syphilis, 
tuberculosis aiid malaria, for instance, and various pathogenic 
organisms are also familiar causes. And yet the typical lesions 
produced in the hepatic lobule are similar in all, the destructive 
process, beginning with the central cells, leading finally to the 
connective tissue formation which, by contracting, gives the cut 
surface its familiar **hobnail” appearance. 

The marked disintoxicating function of the liver explains 
the uniformity in the character and progress of the lesions pro¬ 
duced, but this in itself bespeaks a corresponding uniformity in 
the manner in which they are brought about. In other words, 
a single more or less active antitoxic process, intense in propor¬ 
tion with the degree of toxicity to be met appears to prevail for 
all. In his original experiments Opie^’^ found that while chlo¬ 
roform, whether fed or given by inhalation to his animals, 
caused a temporary necrosis in the hepatic lobule, the concomi¬ 
tant administration of small doses of phosphorus or inocula¬ 
tions with streptococci or colon bacilli gave rise to the destruc¬ 
tive form followed by fibroid overgrowth. He concluded, 
therefore, that these bacteria which, in the normal liver, produce 
no lesions, induced the typical form of cirrhosis when the vitality 
of the liver-cells had been depressed by chloroform. From my 
viewpoint, however, the necrosis caused by the chloroform, even 
though recovered from, can hardly be regarded as a mere de¬ 
pression of activity; it is an active lesion which the phosphorus 
or bacteria hove aggravated sufficiently to render permanent by 
increasing the activily of the local defensive and proteolytic 
proc^, i.e., a true digestive necrosis. 

The nature of the process suggests itself when we recall 
that the pancreas is simultaneously diseased, and often corre¬ 
spondingly so. Thus lAmdo'*** out of fifteen cases of hepatic 
cirrhosis found that while all showed overgrowth of connective 
tissue, in twelve of these the overgrowth about corresponded 
with that of the liver. ITAmato,**** in a comprehensive study, 
noted besides tiie cirrhotic lesions, hyperemia, haemorrhagic in¬ 
farcts and diffuse necrosis, and attributed to the pancreatic 
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lesions the occurrence of dialietes in hepatic cirrhosis. KlippcI 
and Lefas also describe eight cases to “illustrate," they state, 
“the bond that unites tlic pathology of tlic liver to tlmt of tlic 
pancreas.” This bond I attribute to the excessive activity of tl.o 
pancreas, rendered necessary by the abnormal need of trypsin, 
to meet the requirements of tlie disintoxicating process in the 
liver. In an experimental and clinical study Fischler'“' found 
that when more than the normal proportion of tryiwin gets into 
the blood—as observed after l?ck fistulas—necrosis of the central 
liver eelle follows. Wheiv it oceurs with chloroform, he dci-larcs 
“it is merely tlie last straw rendi‘ring manifest the injurious 
effect of trypsin on the parenclnmia of the liver.” 

Briefly, from my viewpoint, the “defensive fennent” trypsin 
being needed to satisfy the needs of the (lisintoxieating pnu-ess 
in the liver, the pancreas is itself stimulated abnormally and la*- 
comes the seat of lesions. The excess of trypsin, carried to the 
liver by leucocytes, which cells are well known to contain it, 
finds herein a high temperature ranging arouiul lOr)" F., 
which, as we have seen, increases the activity of eiv/.ymcs. and 
an active autol^'sis is initiated which leads finally to the cirrhotii- 
process, the many symptoms of which are mainly those of In'patic 
obstruction. 

Personal experience has shown tliat drugs'arc more harm¬ 
ful than useful, since they merely impose upon the liver ad«li- 
tional sources of functional activity. A bread and water, or 
bread and milk diet for a few days, followed by n bland regime 
and the copious use of pure water with com}dete rest, do far 
more than vaunted drugs, provided tlie causative habit is 
abandoned. When ascites occurs, as we have seen, a valuable 
resource is adrenalin. 

All this but exemplifies, with few variations, the under¬ 
lying process of many moii)id conditions, not only in the liver 
itself, such as acute yellow atrophy, atnyloid liver, ete., but also 
in other organs, the lungs, kidneys, spleen, brain and spinal 
cord for instance, particularly when infection is the exciting 
factor. 

•* F Fiaohler: Mlttctl. a. d. Orensgeb. der Mad. u. Cblr., Jena, **?t, M3. 
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Tlieioregoing exajiiples, which readily introduce over thirty 
diseases, sufficiently emphasize the soundness of the opinion first 
expressed nearly two decades ago in the present work that the 
endocrms dominated all bodily activities, their pathology and 
treatment, and that they would place our conception of disease 
on a more scientific footing. 
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THE FUNCTIONS AND DISEASES OP THE 
ADBENALS. 

STRUCTURE OF THE ADRENALS AND THE CHR03kL\FFIN 

SYSTEHr. 

A FE4TURE of paramount importance whenever the phyHi«)- 
logical funetiona of the adrenals or any patholojfical condition 
of which they may be the seat are studied, is that tlicse orpins 
are but the major structures of a vast system, which has been 
termed the "chromafiin system” because a solution of potossinin 
bichromate stains brown a substance they contain which wirrcs- 
ponds with the medulla of the adrenals. This phenomenon, 
first observed by Henle in 18fi5, has since been noted by other 
observers to apply to the sympathetic nervous system and its 
ganglia, tlie carotid glands and other structures, including the 
posterior lobe of the pituitary hotly. Wherever obtained there¬ 
fore, this chromafiin reaction, indicates the presence of adrenal 
medulla cells. The power of adrenalin production is thcreft»re 
not limited to the adrenals, the major organs of the system. 

Another feature of importance is the presence in the adre¬ 
nals of two different types formed independently and originat¬ 
ing from different sources, the cortex and the medulla. (SiKt 
colored plate opposite page 4G.) Whereas the cortex or outer 
portion of tlie adrenals, the cells of which contain lijioid (fat¬ 
like) substances, develops, in the embri’o, from the ‘‘intermediate 
cell mass,” or tliat portion of the mesoblast from which Uic meso¬ 
nephros or primitive kidney is formed, the miHlnlla or inner por¬ 
tion, which alone gives the chromafiin jvaction, is prodnce<l by 
outgrowth from the sympathetic system, and is considered as con¬ 
sisting of profoundly changed nerve-cells. Even on naked-eye 
examination the division of the adrenals into two distinct seg¬ 
ments differing in both color and consistency is striking. These 
two types of tissue exist in all vertebrates, but in mammals alone 
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are the; combined as a definiie eorto and medulla separated by 
a dearl; marked and continuous dividing line. In birds the two 
varieties of cells are intiinstel; interwoven in one common tissue 
mass. In some reptiles^ including snakra and lizards, separate 
groups of medullar; cells are dispersed in the cortex, especially 
its ventral portion, while in others, such as the tortoise, the 
condition is analogous to that found in birds. In many 
amphibia, including tlie frog, the adrenals are seen as tliin, 
linear, yellow oi^ns in contact extemall; with the likewise 
elongated but more massive kidneys, while in other amphibia, 
such as the salamander, they arc portioned oif into small 
isolated masses, similarly in contact with the kidneys. The 
amphibian adrenals, like those of the higher verterbrates, con¬ 
tain aggregations of both lipoid-containing and chromaffin cells, 
the latter lying not in the interior of, but on the outside of, 
the former. 

Vertebrates lower in the phylogenetic scale than the amphibia 
differ from all the others in exhibiting complete anatomical 
independence of the lipbid and chromaffin tissues. The former 
tissues constitute what is termed the interrenal body, while the 
latter compose what may be properly termed the adrenal or 
adrenalin-forming organs. In fishes the interrenal cells exhibit 
constantly a vesicular or tubular arrangement. In the selachian 
fishes the interrenal body is a homogeneous organ situated be¬ 
tween the caudal termination of the kidneys; in the ganoids 
there are interrenal "corpuscles’* disseminated in the interior 
of the kidneys, while in the cyclostomata, or eel-like fishes, the 
interrenal tissues occur as small cell groups extending from tlie 
head kidney along the animal’s long, slender body to the tail and 
afilxed to the posterior cardinal veins. 

Wholly separate from the interrenal tissues in fishes are the 
chromaffin or adrenal or^s, which, in the selachians, lie in 
proximity to the sympathetic ganglia, between the kidneys and 
the dorsal parietes in the caudal or tail portion of the animal’s 
body. In &e teleosts and the ganoid fishes, the adrenal organs 
lie actually in the walls of the cardinal veins, and in the cy¬ 
clostomata they occur as band-like masses of tissue, interposed 
between the cardinal veins and the aorta. This unfailingly sug¬ 
gests the arrangement met with in mammals^ in which the ad- 
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renals lie in close proximity to the inferior vena cava, into which 
their secretory product, adrenalin, is almost directly poured. 

The. essential difference between the intcrrenal and ad¬ 
renal tissues appears still further when their embrj’ologual 
sources m inquired into. The iuterrenal cells are derived, in 
the emb|yo, from the mesoderm or primitive middle layer of tis- 
sue-ceUb The organs they are destined later to constitute first 
appear as bud-like cellular elevations from the peritoneum, at a 
timq when the sexual glands are likewise beginning to develop. 
Gradually assuming the appearance of definite, separate organs, 
the resulting tissura, already consisting of cells of characteris¬ 
tic interrenal type, migrate through the connective tissues to 
differmit situations, tlien undergo more or less comidete degen¬ 
eration and absorption at the cephalic or head end of the body 
and coalrace to form large interrenal glands at the caudal end. 

The adrenal or chromaffin tissues, derived from the primi¬ 
tive ectoderm or outer cell layer of the young embryo, develop 
in dose conjunction with the sympathetic nervous system. In 
the formation of the sympathetic ganglia, a part of the pri¬ 
mordial tissue {anlage ), instead of forming primitive nerve-cells, 
becomes Set apart as tlie seat of origin of tlic subsequent 
chromaffin cells. So intimately are the two sorts of tissue 
originally blended that the chromaffin cdls may remain either 
individually or in groups of less or greater size directly im¬ 
bedded in the midst of the nerve elements. This, where it 
persists, represents the most primitive permanent relatioiislii]) 
of chromai^ to sympathetic tissues. In the selachian fishes, 
however, the two tissues do not remain so intimately united. 
The chromaffin cells either collect! together in a large group 
which remains at some pouit within the ganglion or leaves it 
to form a definite external mass which, nevertheless, always 
remains in the immediate vicinity of the ganglion. In, the 
amphibia and hi^er vertebrates, a further step in the separa¬ 
tion of the two forms of tissue takes place, tlie chromaffin cell 
groups in part leaving the sympathetic completely and exhibit¬ 
ing no feature suggrative of a common origin with it. Even 
here, however, minor portions of the chromaffin tissue remain 
within OP in dose apposition to the sympathetic structures. 

Coalescence of the interrenal and chromaffin tissues takes 
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place first in the amphibia^ and constitutes tlie last stage in 
the embryologic transmigrations to which they arc subject. 
Thus, ill amphibia, small masses of chromaffin cells, instead of 
remaining with tlie sympathetic ganglia, pass in an anterior 
and mesial direction to the interrenal bodies, witli which they 
unite and become more or less intermingled. In the human 
embrj’o, when five weeks old, an analogous process takes place. 
I’riniordial sympathetic cells begin to migrate from the larger 
symjmthetic group in the abdomen to the interrenal tissues, 
already aggregated in tlie form of definite organs, make an 
entrance through the capsules of the interrenal bodies, and be¬ 
come imbedded among the columnar and other cell groupings of 
the latter. The migi-ation of sympathetic cells continues 
throughout fetal life. For a time the imbedded sympathetic 
cells remain in their primitive state. Only in the beginning of 
the fourth month, in the human embryo, is their chromaffin 
property developed. In birds, as already mentioned, the 
chromaffin tissue remains throughout interwoven with the 
interrenal cells. In mammals tlie interrenal tissue finally be¬ 
comes definitely segregated as tlie cortex of tlie adrenals and 
the chromaffin tissue as their medulla. 

llisTOLOOY OF THE Aduenals. —The adrenal medulla in 
man consists of a loose network of columnar or rounded masses 
of cells situated in close contact with the blood-vessels. As a 
rule, tlie adrenal cells are separated from the lumina of the 
capillaries or venules by an endothelial cell membrane, though 
in some localities a thin sheath of connective tissue is interposed. 
No cavities exist between the cells forming part of individual 
columns or other groups, t.e,, there is no acinar arrangement. 
The columns are radially disposed around the largo central vein 
of the adrenal, into w’hich the secretory product or products of 
the gland are discharged. 

The true medullary cells, for the most part, are polyhedral 
in fonn, and arc separated only by a very thin cementing layer. 
Their nuclei, eccentrically situated (at the opposite side of the 
cell from the adjoining vascular channel) are poor in chro¬ 
matin and present a vacuolar appearance. They arc circular or 
oval in shape. The surrounding protoplasm in these cells, pre¬ 
senting a hyaline, highly retractile appearance in unstained 
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Bpecimens, nonetheless huibora muuorous very line gramilii- 
tions, sometimes closely packed together, at others sparsely 
distributed. After fixation with alcohol or formalin tlaise cells 
present a paler appearance, upon staining, than tio those of ihe 
adrenal cortex. The granules just referred to are of great in¬ 
terest in that tliey imparl to the c-ells containing them their 
chromaffin property. They arc soluble in water and in alcolnd. 
but insolulde in ether, xylol, and glacial acetii- aiiil. In 
unfixed preparations they can be made visible, thcuigh ratln'r 
indistinctly at best, with iron hematoxylin. Aftyr lixatitm with 
Zenker’s fluid, on the other hami, they can be stained fairly 
well, as a rule, with cosin. The grannies are to a certain degn>e 
related, according to Biedl,”® to nuclear coloring material. They 
arc stained violet by a mixture of methylene blue and (H>sin, and 
pale pink by Ziehl’s solution. The ehromallin ])roperty at om-e 
strikes the observer when a fixing solution, such as formalin, 
to which a salt of chromic aci<l has been added, is ein|)loy«‘d. \ 
color varying from yellow to brown is at once imparted to the 
adrenal medulla as a whole. Some cells, however, are stained 
much less intensely than others, and even in individual cells 
the granulea do not stain evenly. A ju'cnliarity of this chrom- 
afiui property is that it is lost in a relatively short period of 
time after death; after twelve to, at most, thirty hmirs have 
elapsed, attempts to secure the brownish coloration completely 
fail. Once the brown color has been produced, on the other 
hand, it cannot be removed by washing with water, .\nother. 
less striking but classic reaction characteristic of the* adrenal 
niedulla is tliat of Vuljiian, who, we have seen, noticed that 
upon application of a solution of ferric chloride, the cells of the 
medulla develop a green color. 

The mechanism of cpinephrin secretion in the inednllary 
cells is described by Stoerk and von Haberei""’ as hdlows: 'i'he 
chromaffin substance ])ro<luced in the granules progressively 
augments up to a certain limit, when it begins to dilTiise into 
the cytoplasm between the granules and even, sometimes, into 
the nucleus. When the entire cell has thus become sulliciently 


■•Bleai: Innerc Sekretlon. vol. I, p. 34S. 1913. 

•• Stoerk and voo HabererJ Archlv Ittr wlkroskoplsrhc Anatomii', No. 72, 
8. 4n. 1808, 
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impregnated with tlic chromaffin substance, furtlier diffusion 
takes place out of the cell into the blood of the neighboring 
small vascular channel. A rather complete discharge of the 
product is thus effected, the cell as a result temporarily losing 
its chroinaflin property. In the adrenal venules tlie chromaffin 
substance appears as a mucoid material, colored yellowish brown 
and characteristically refractile, which passes down into tlio 
main adrenal vein and thence enters tlic general circulation in 
the interior vena cava. Small, brightly shining bodies, appar¬ 
ently distinct from the mucoid masses, Jiave been noticed im¬ 
bedded ill the latter, and were fonncrly thought alone to repre- 
smit the true secretion of the adrenals. Stoerk and von Ilaberor 
have shown that these bodies arc, indeed, not identical with the 
surrounding mucoid material. !No definite conception has as 
yet been formed, however, of their functional significance. 
The same is true of the large, rodlike, and wedge-shaped granules 
demonstrated in the cytoplasm of the cells of the medulla hy 
the same investigators, who found them stained black when iron 
hematoxylin was used. Lijioid and jiignjeiit bodies, of unknown 
significance, have also been noticed in these medullary cells. 

The cortex of the adrenals, which incloses the medulla on 
all its aspects, is a broad mass of tissue itself surroiiiidcd by a 
connective-tissue capsule wdiich, at intervals, gives off radially 
disposed partitions extending down through the gland-tissue, 
and there progressively dwindling until so thin as to be hardly 
})erce])tible. These partitions themselves are joined, at a cer¬ 
tain distance from the external capsule, by a fresh scries of 
cross partitions, which form the inner limit of the outer or 
glomerular zone of the cortex. Proceeding farther inward from 
the peri])hery two additional- zones, the fascicular and the 
reticular, respectively, are met with, the foimer relatively broad 
and the latter narrower, like the glomerular zones. More pro¬ 
nounced in some of the lower animals than in man, this division 
of the cortex into zones entails no fundamental difference be¬ 
tween the cells constituting the several layers. In the 
glomerular zone the connective-tissue trabecul® arc so directed 
as to inclose'spherical or oval groups of the columnar epithelial 
cells. In the broad fascicular zone, on the other hand, they run 
for the most part in a radial direction, marking off parallel 
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columns of epithelium, joined togetlier only occasionally hy 
oblique or transverse columns or coiuicctive-tissuc strands inohw- 
ing capillary vessels. In the iiinormost or reticular zoiu*, tlu* 
ncctive-tissue strands have become distinctly attenuated, and in¬ 
close thinner cords of cells than exist in the midtilo zone, tlicse 
cords, moreover, so anastomosing with one another as to form a 
coarse, irregular reticulum. The cells dilfer somewhat in size and 
shape in the several zones of the cortex. In the outer zone they 
are relatively small and of varying outline; in the miihlle zone, 
considerably larger, rounded, i)olygonal, or elongated, and in 
the inner zone, ag»xin smaller, and cubical or ]M)lygonal in out¬ 
line. As in the medulla, the cortical epithelia lie in ch>se nda- 
tionship to blood-vessels, from the lumen of which they are 
separated solely by the endothelium of the vessels themselves, 
and occasionally, in addition, a thin layer of connective tissue. 

Of firmer consistency than the medulla, the cortex of 
the adrenals jireseiits, in contrast to the reddish vascular appear¬ 
ance of the latter, a yellowish tint, due to the extensive content 
of lipoid grannies which characterize its epithelial cells. 'I’he 
granules ordinarily measure one to four microns in diameter, 
though occasionally they coalesce to form larger droplets a 
condition which can bo promoh'd by sultjection of the tissues 
to strong acids or to potassium hydrate*, t pon tixiug ailn’iial 
tissue with formalin, sectioning with the freezing microtome, 
and staining with the ordinary fat stains, scarlet It or sudaii 
III, the granules will be found to assume a red c«»lor. If osmic 
acid be used, hoAvcver, the lipoid granides will not, like or<linar\ 
fats, be at onC'C stained black, hut will lake on at lirst only a 
brown color, and become black only if Inter subjected to the 
action of alcohol. When thus preimred, tlu! granules become 
insoluble in chloroform and benzol, Imt they remain sohd.le in 
ether and in .xylol, M'hich cannot, therefore, he uwd in the. fur¬ 
ther treatment of the tissue specimen without causing their 
disappearance. Like other fatty substances, the adrenal^ lijs.id is 
not stained by methylene blue or fiichsin stains. I here an* 
found, however, in the cells of the a«lrenal cortex (dher granules 
which do become stained in fuchsin—“Altmaiin s fiichsiiiophile 
granules.” A special study of these has bi*(*n made by 1 leciiik, 


■^Plecnlk: Archlv Mr mikroBkoplBcho Anatomic, No. 60. S. iH. 1902. 
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who found them well marked even in the adrenals of embryos. 
For the most part of the same size as the lipoid granules, they 
occur most thickly in portions of tlic epithelial cells where the 
latter are most sparsely distributed, and exhibit a tendency 
to diminution in size as tlie nucleus is ai)proached. A certain 
proportion of them disappears in common wiUi the lipoid 
granules when the tissues are moistened with ether. No evi¬ 
dence that these granules can become converted into lipoid 
granules has been found, aud their exact significance is un¬ 
known. The third and last type of minute inclosed bodies 
found in the cortical cells is that of the pigment granules, 
w’hich occur, in jiarticular, in tlie reticular or innermost 
zone. These remain behind when cells the lipoid bodies of 
which have been stained with osmic acid are treated with ether 
and iron hematoxylin, differentiation between tlie lijioid gran¬ 
ules and the pigment bodies—^thc latter naturally yellow but 
now stained black by the iron hematoxylin—^bcing thus effected 
in a striking manner. 

The exact chemical nature of the doubly refractive sub¬ 
stance present in the lipoid granules of tlie adrenal cortex has 
been the subject of repeated investigation and discussion. 
AschofFs"® view, supported by the chemical rosearclies of Biedl, is 
that it is made up of cholesterin esters. This is the prevailing 
view. The functional significance of ihesc cholesterin bodies, as 
well as of the cortical tissue as a whole, has given rise to much 
discussion, as yet witli but little result. There is no evidence 
that the lijioids are disciiarged into the blood-stream as a secre¬ 
tion by the cortex. In vitro the cortical lipoids liave been found 
capable of fixing aud neutralizing toxins, and Bonamour”^ has 
advanced the theory that the cortex has for its purpose to 
absorb aud neutralize toxic metabolic products. No demonstra¬ 
tive evidence to this effect has, however, been forthcoming. 
Biedl,®* on the other hand, believes there is sufficient evidence 
to warrant consideration of the intcrrenal sj'stem as a true inter¬ 
nally secreting organ, to be included in the group of organa 
which, like the thyroid, thymus, pituitary, and sexual glands, 

"Aichoff: Ziegler's Beitrilge sur allgemelne Patbologle usd pathologlscheii 
Anatomie, S. 47, 1909. 

H Bonamour: ThSse de Lyon, 1905. 

** Biedl: Intenal Secretory Organs, p. 292, 1913, 
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produce assimilatory homiones exerting an influence, directly 
or indirectly, upon general somatic and psychic development. 
This evidence consists of the observations pointing to the in¬ 
fluence of the adrenal cortex on the development of the brain and 
sexual glands, upon body growth, and upon the changes taking 
place in tlie period of puberty. 

The close anatomical relationship between the eliief inter- 
renal and true adrenal tissues has naturally given rise to specu¬ 
lation as to a possible functional relationship ladween them. 
The fact that the adrenal tissues lie, from the eireulut«)rv stand¬ 
point, immediately distal to the interrenal tissues, blood which 
has just circulated through the latter, ])assiiig into the former 
immediately after, suggests that the adrenal cortex supplies tlu! 
medulla some material of value in the secretory process of the 
latter. As Mulon®® points out, however, no such material is 
known, and the anatomical union of the tissiies, while p()ssibly 
advantageous, is not an absolute necessity, since there ar<< many 
vertebrates in which the two tissues are some distamo apart. 
Experiments purporting to show the ])rescnce of adrenalin in 
the adrenal cortex have been proven technically faulty. \ oegtliii 
and Macht,®** on the other hand, have detected in the cortex a 
body having a digitalis-like action and Iscovt'sco"^ also demon¬ 
strated in it a lipoid exerting a tonic effect on the heart. 
Langlois*** has advanced the theory that the corh'x chemically 
transforms the ]M)isonous wastes arising in the metabolism of 
contracting muscular tissue and thereby prepares a substance 
from which the medulla elaborates adrc'iialin. 

The hloo(l-»upyhj of the adrenals is extensive and is derived, 
as is well known, from no less than three sets of suprarenal 
arteries. The arterial trunks entering tho ••apsule of the gland 
undergo, for the most pirt, an imme<liate division int(» small 
vessels which, after forming a network of capillaries to supply 
the capsule itself, pass inward in the connective-tissue septa and 
trabeculae to supply each zone of the cortex, fonuing iiv ea»’h a 
capillary network which corresponds with the arrangement (.f 


•■Mulon: Pari* mSdical, July J9. W'*- Uedlral A*«o<-latlon, Dm-. 

"Voegtlln and Macbt: Journal of the American .Medical aubombi 

“iLvemio: Dullctln. et M^molrca do la Sociad mMlcalo dca IWpltau. 

do Faria, Dec. 26. 1912. 

"LanBloia: Quoted by Mulon, foe. clt. 
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the connective tissue tlierein. After circulating through the 
entire cortex tlie blood passes into broad, sinus-like spaces in the 
medulla which are in intimate relationship to the chromaffin 
cells. From these it passes into narrower venules and thence 
into the central adrenal vein or veins. The medulla receives 
blood in addition from the "perforating arteries” of Srdinko,** 
which pass directly through the cortex from the capsule, without 
subdivision. This blood likewise is eventually discharged into 
the adrenal vein. 

But little is known as to the precise distribution of the 
I^mphaiics in the adrenals. In a general way, the l}’mphaties 
follow the course of the blood-channels. Small aggregations of 
lymphocytes have been found in the connective-tissue stroma 
of the adrenals, likewise at times cosinophile leucocytes. Of 
special interest and possible significance are the elastic and 
smooth muBclc-fibcrs also described in this tissue. • According to 
Dewitzky*®® there exists in the adrenal medulla a network of elas¬ 
tic tissue having for its special purpose to hold the blood¬ 
vessels open-. 

The nerve-supphj of the adrenals is very rich, even more 
in .the medullary than in the cortex. In the capsule are to be 
found plexuses of non-medullated and, less abundantly, medul- 
latcd fibers, connected with groups of sympathetic ganglion 
cells. Fine fibers pass from the capsular jdcxuscs along the con¬ 
nective-tissue septa of the cortex into relationship with the 
columns of cortical cells, and terminate in elongated thickenings 
at the surface—^not in the interior—of these columns. Through 
the cortex also pass larger and more numerous nerve-bundles 
destined for the tissues of the medulla, where they form a rich 
plexus the ramifications of which extend among the chromaffin 
cells and form arborizations around them. According to 
Dogiel,*®* to whom we are indebted for the most complete study 
of the adrenal nerve-supply extant, the nerve-fibers can be fol¬ 
lowed up to the venous walls themselves in tlie case of cells 
adjoining! such veins. In relation with the plexuses of the 
medulla, and less abundantly with those of the cortex, are also 

■* Srdinko: Sititingtberlchte der MbmlMhen Kalwr-Frut-Joseph-Aktdemi*. 
Png, No& II. IS. ». IMS. 

*'*D«wltifcr: Zleglcr'i Bdtrige. No. 52. S. 436. 1912. 

Dogtel: Archiv tOr Aaotonile und nyotologte, S. 10-104, UOt. 
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to be found groups of syinpAthotii’ ganglion cells. Variable in 
size, these groups occur citlicr along tlio nerve-trunks. at the 
boundary between the iniHlulIa and the cortex or. (K-casionally. in 
the fascicular zone of tl>e cortex. Them* ganglion ivlls give «»ff 
neuritcB and dentrites which form arltorizalions in the vicinity 
of other ganglion colls, hot »lo not come into relationship with 
the parenchyma cells of the medulla theins«*lves. 

SrBKimAUY Aiwbxai. asd Ixtkukkxai. Tisst ics.—rhe 
widespread distributhm of lioth adrenal and interrenal tissues 
in the embryo and in adults of the lower animal h)rnis in \\lu« h 
these tissues exist linds expression in the adult luainnialian 
animal in the presmux* o{ small, outlying mass«*s tif these tissuer, 
entirely separate from the nu'«lulhi and cortex of the a«lrenals. 
Of especial interest are the subsidiary clmmialVni «»rgans. 
grou|)ed in conjuucti«>n with the medulla* of the adrenals under 
the term “paraganglia.'* 'I’hese include, in particular, tin* caro¬ 
tid glands, the tympanic glands, ami the parasympathetic organ 
of Zuckerkandl, situateil in front of the bifurcnti«>n t*f the 

alMlominal aortu. • 

The rauitid glanth. eac h of alnnit the size of a grain «*f rice, 
lie in or near the crotch of the bifurcation of the common caro¬ 
tid arteries. Originally considc*red c-hicily ns vascular or 
glomerular structures, the true nature of the organs was dis¬ 
covered, as already mentiom-d. in IHJttJ by Stilling, wlm demon 
strHtc*d the chromatTin profwrly nt the epithelium they contain. 
The cells are large and pcdyhcdral, arranged in sph.*r*»idal 
groups, with very thin intervening cell-walls, and in closi* 
apfiosition to large, thin-walled capillaries, in whi<*h the narrow* 
columns of epithelial cc’lls are fn!t*ly bath(*d. 'J'he source! of 
the glands is in the embryonal ganglion <*c*lls i»f the inter¬ 
carotid sympathetic nerve-plexus. The vascular and connwtive 
tissues of the glands augment with age, the epithelial cells, on 
the other hand, undergoing a corrcsjionding diminution. As a 
nile, only a small proportion of the epithelial cells of tlie 
carotid glands are colonsl brown by chromium salts. This has 
been found to apply also to the epithelial tumors occasionally 
met with in these organs. At least two observers have even 
denied them, on the basis of personal experiments, any 
chromaffin property wlmtever, and expressed the opinion that 
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these organs should no lunger be grouped among the "para¬ 
ganglia.” At all events, their importance as components of {he 
chromaffin system would appear to be, at best, slight. 

tNoTE. —^The coccygeal body, first studied by Luschka in 1869 (Vir¬ 
chow’s Archiv, B. 18) is a reddish-yellow organ of about the sise of a 
snuill pea, situated in front of the apex of tlie coccyx. Though provision¬ 
ally classed by this observer among the ductless glands, and since fre¬ 
quently compared, by reason of its structural peculiarities, with the 
carotid glands, pituitary body, and adrenals, the coccygeal body was 
shown by Stoerk in 1007 (Archiv f. mikrosc. Anat., U. 00) to present 
no chromaffin property, either in fetal or in extra-uterine life, and to 
be devoid of any relationship, from the developmental standiioint, witli 
the sympathetic system. Recent cmbrj-ologicai studies seem to have 
shown that the coec^’geal body arises as a local thickening of the walla 
of the median sacral artery, with subsequent formation of an arterio¬ 
venous anastomosis and the production of a network of twisted blood¬ 
vessels. The earlier conception of the coceygeni body as a ductless gland 
has thus been abandoned.) 


Tlic tympanic glands arc small groups of chromaffin cells 
situated in apposition to the nerve of .lai'obson in the tympanic 
canal on either side of the body. 

The most imi^ortant* subsidiary mass of chromaffin tissue 
is that constituting the organ of Zurkerkandl, which represents 
the lower, independent extremity of a large, elongated chrom¬ 
affin body extending in the embryo from the level of the 
main adrenal bodies to the bifurcation of the aorta. Tn the 
newborn maininal the upper portion of this elongated body is, 
moreover, represented by a numl)er of smaller chromaffin groups 
disseminated in the intervening space. Such groups have also 
been met with below the organ of Zuckcrkandl, in the angle 
formed by the iliac arteries and on the lateral aspects of the 
rectum. The common cmbryological origin of the syTupathetic 
nervous tissue and the chromaffin organs is even more strikingly 
shown in the fact that collections of chromaffin cells may be 
found imbedded in sympathetic nerve-ganglia, wherever tlie 
latter may be situated. Such collections have been frequently 
noted, for example, in the left stellate ganglion (Wiesel), and 
in various peripheral sympathetic ganglia, such as those of the 
celiac, abdominal aortic, inferior mesenteric, and superior and 
inferior hypogastric plexuses. Wiesel'” (quoted by Biedl*”) 


iMWIaaal: WImiot UlalMhe Wochenoclirin. 1906. 
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found a iwrngiiiifrlioii |(» tu l.'i niillinirtcrs luii;; at tlio nmt of 
the left iiinuiarv arterv in u hiiiiian heart. Other relatively 
iinctunmon sites iiDted ha\e heeii the jHiitit of enlraiuv <if the 
sii|H>riur vena eava into the lieart. tlie |Milninnarv artery, the 
root of the sii|H<rior inesenterie arterx. tlie inte-linal wail, the 
alHlominal nerve-|)le\ns(s doxxn to a laonl ilex-p xxitliin the 
pi>lvis, the prostate }:Ian(l. the ovary, the hroad li;'anient. ami tlie 
pararlidyinis. 'I'hesi’ snhsiiiiarv para;!an;:lia max attain a si/.t> 
of front t) to *<^n inillinieterx ami pre>enl a histolooiral striieturi' 
very aiinilar to tliat of the main atlrenal orpin, lom-isiiii}; of n 
eapsulo of eonnei-tive tissue ami a pareiielixnia nnnle np of 
runnili‘(l masses of cells, sn|iplieil xxith nerxes ami a rieh capil 
litry network. They arc often easily to he inislaken for Ixniph- 
inales, an error wsni eorrecteil when the < harneterislie xelloxx or 
brownish color appears n]Hin application of a solution of isita^- 
sinin biehroinate. in the syinpalhetic (itexiises ami pin^lia. 
chronniilin cells may la-ciir sin;rly or in j'roups. 'I'he latter, 
incloseil, r.ff., in the ptn^lia, either may or may not be separat«‘(I 
from the nervous tissue itself by a sheath of eonnective tissue. 

fSradual retro^rression atid tiiminulion in si/e of many of 
the siibsiiliary parapin^lia lie^'ins after birth. This applies in 
piirlicular to the orpin of Zuckerkamll, S4i that by the fifth to 
the ei^rhth year of life its cliromanin pro|M>rty has Is'en eiilindy 
lost. The chromaHin inclusions in the sympathetic pin^dia. 
howex’er, nci'onliii); to Wien*!, retrogress only very slowly ami 
still exist ill ap'd individinils. Spxrial sipiilicatice attaches to 
the stibsidiarv parapin^lia in casi's of niairornialion of the 
adrenals prop'r, where the former tissiu-s may n*lain siiflicient 
of their pristine ini|M)rtiinc(' and si/e to make up for lieficient. 
epinephrin pnahiction in the latter. 

'I'he sHlmiliartj interrrml Umwh. or atlrenal refth often 
erroneously ieriiutl “awessory adn'iiuls" formerly, the fwt beinft 
overlookiHl that they wntain no tissue corres|Mmding to that of 
the medulla of the adri'iiala, arise either as p>rsisterit bits of 
that iNirtion of the original interrenal tissue which onlinartly 
imderpies absorption when the cortex of the adrenal is formed, 
or by splitting off of small masses of the develoiiiiig adn'tial 
cortex through the intrusion of symiiathetic cells or of hands 
of connective tissue. Their existence was known as far back a* 
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the seventeenth century. According to SchmorP*** no less than 
92 per cent, of all human cadavers, if carefully examined, will 
be found to show small or large aggregations of interrenal cells 
in various parts of the body. Histologically these consist, like 
the adrenal cortex, of a connective-tissue stroma in which arc 
supported columns of cortical, lipoid-containing cells, usually 
arranged so as to form an outer glomerular, an intermediate 
fascicular, and occasionally also an inner reticular zone, as in 
the suprarenal organ itself. Like the adrenal cortex, moreover, 
these subsidiary interrenal bodies arc capable, where tlie demand 
exists, e.g., after excision of tlie adrenals, of undergoing a 
marked compensatory hypertrophy. 

Three groups of subsidiary interrenal organs have been 
recognized by Foll.^*" The first group includes those found in 
the region of the adrenals and kidneys. Some occur in the sub¬ 
stance of the adrenal cortex and medulla themselves. These 
may lie firmly imbedded at the surface of the adrenals and, when 
numerous, give the latter a nodulated appearance, or they may 
possess stalks connected with the interior parenchyma of the 
organ, or, again, they may lie more deeply, completely sur¬ 
rounded by parencly-ma, even, e.g., in the very ce^nter of the 
medullary tissue. They may be situated outside of the adrenals, 
in the adjacent connective tissue, or at the surface or in the 
interior of the kidney, in which location they sometimes be¬ 
come the source of the tumors known as hypernephromas. 
Along vessel walls they may be found in contact with the ad¬ 
renal artery or vein, the inferior vena cava, or the renal vein, 
as well as between the vena cava and the aorta. They may also 
be noted in close relationship to the sympathetic nerve-plexuses, 
in the transverse mcsocolic ligament (between the transverse 
eolon and spleen), on the imder surface of fhe liver or in its 
right lobe, and, lastly, in the pancreas. Foil’s second group 
comprises subsidiary interrenal bodies found in the retroperi¬ 
toneal space, below the inferior poles of the kidneys, along the 
internal spermatic veins, on the iliopsoas muscles in the vault 
of the pelvis,, and on the sacroiliac synchondroses. 

The third group consists of the interrenal tissues occurring 

**^8ebinori: Zl«tl«r's IMMaa, t. Ml. 

M* Poll: Quoted br BledI: Inncro Sekretlon, vol. I, B. 364, MA 



AOBSNAL 8BCBBT10N W RBSPIRATION AND MBTA80U8M. 50 


in relatiou to the reproductive organs. Thus, in the male sub- 
ject, such tissues may be found anywhere along tlie siKorinatie 
cord, above, below, or witliin Uie inguinal canal. They may 
occur between the testicles and cpididymes. Wiesel'"* "found 
such a collection of cells at the jiinctioin of the duct of tlie epi¬ 
didymis and the vas deferens in •(> |K‘r cent, of newiMirn babies; 
this tissue often persisted throughout life. Interrenal tissue 
has also been found iinl)c<lde<l in the testicular tissues and in 
the paradidymis. In the rennilc subject, interrenal organs have 
been detected in the broad ligament. lying in contact with tlie 
bVillopian tube, and in the substance of tlie ovary. IliiHlI calls 
attention to the fact that subsidiary internMial organs an? en¬ 
countered with relative fre«|uency in the n>pru<luctive organs in 
tile young and but seldom in old subjec’ts. while Marchetti"’' 
mokes tiic opposite assertion in the case of interrenal tissues in 
the vicinity of the adrenals theniselves. 

TIIE ADREXAL REt'RETHW IN RE.SlMltATION 
AND .MKTAnOLIS.M. 

In the drst Chapter it was shown that my interpretation 
of rdlo of Uie adrenal secretion in respiration harmonized all 
the apparently divergent functions attributed by physiologists 
to these organs. The data in support of my interprctatioii will 
now be submitted:— 

“It is, perhaps, wrong,” writes T*rofcsaor Duval, liiniself a 
]>rominent physiologist, “for physiologists to continue to only sec 
in tiiese phenomena mere results of endosniosis of liipiiils and of 
diffusion of gases through an inert inemhrane.” As a cliuician, L 
would urge tiiat this theory is harinfiil in its far-reac'hiiig coiisc- 
quenecs. I have pointeil out tiiat tiic acrotonometcr, upon which 
it is mainly founded, is a defective insiniincnt, and tiiat it is lie- 
cause of this that the results roconlcd by various physiologists 
; have been divergent to such a degree that, in some instances, the 
! diffusion of oxygen should occur, to correspjjiid with its indica¬ 
tion in the wrong direction, i.e., from tlie hamioglohin to tlie 
ah'colar air, the tension of oxygen in the arterial blood Ix’ing 
actually higher than the pressure of oxygen in the air-cells. 

I characterize the prevailing theory oa ^'harmful” liecanse 
the physiologist, engrossed in his own field, does not realize that 
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he is dealing with the foundation of probably the most impor¬ 
tant problem of our day in its influence over human life, viz., 
immunity not only in the tissues at large, but at the very thresh¬ 
old of infection—^the pulmonary alveolar surface, and the alimen¬ 
tary canal, as will ^ shown later. 

The Aobenal Secbetiok in Fulhonabt Bsspibation.— 
In the first edition of the present work (1903) I advanced the 
view, sustained by considerable evidence, that the adrenals took 
a leading part in the respiratory process by supplying a secre¬ 
tion which absorbed the oxygen of the air in the pulmonary 
alveoli, then became a part of the hsemoglobin and of the blood- 
plasma, which in turn carried it, as oxidizing principle, to all 
tissues. 

Three years after this opinion was formulated, a noted 
English physiologist, Fembrey, wrote^* in an impartial review of 
the recent advances in physiology and bio-chemistry: ‘Tt is 
impossible to give a satisfactory account of the gaseous exchange 
between the blood and the alveolar air.” . . . “The body of 
evidence has been steadily increasing in favor of the secretory 
theory, especially as regards the alisorption of oxygen.” This 
theory is that of Bohr, advanced in 1891, which attributes the 
oxygen-absorbing power and the excretion of carbon dioxide to 
active secretory processes carried on by the lining membrane of 
the air-cells. While the need of a secretion capable of absorbing 
the oxygen has been steadily growing in favor, however, the 
secreting membrane has not been fotmd. 

This is explained when the respiratory process is considered 
from my viewpoint: U vi not by a local membrane that the 
reducing secretion is produced, but by the adrenals. As shown 
below, its properties and itinerary are precisely those required 
for the process, while its presence can be traced at every step to 
the hsemoglobin itself, of which it forms pari 

A succinct review of the experimental evidence which has 
invalidated the diffusion doctrine, and of that upon which my 
conception of the respiratory process is based, will perhaps serve 
better than a prolonged analysis of the question (for which the 
reader is rcferre<l to previous editions) to convey the actual 
status of the question. 

>*PraibN]r: Hlll'i "Recent Advnncee In nyilotogr and Bto-CheiiriatiTt” 
p. 54>. 1906. 
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Paul Bert,” thirty years ago, showeil experimentally that the 
absorption of oxygen by the pulmonary blood persisted, even when 
the pressure of tiiis gas was almost nil. Muller also observed 
that a strangulated animal exhausted the air in its lungs of a// 
its oxygen, while Bctschenow and Holmgren,'* Ziintx,” and others 
found but traces of oxygen in the arterial blood of asphyxintc<1 
anunals. This suggested that, the dilTusion doctrine was defec¬ 
tive, and that the absorption of oxygen fnnii the air was due to 
the presence, in tlic blood circulating through the lungs, of some 
substance capable of taking up this gas. This conclusion was 
sustained by the researches of Bohr,'* Haldane and liorrain 
Smith,'* Vaughan Harley,*" and Ikihr and llenri(|ucs,*' the last- 
named investigators referring to it as a substance “having 
greater avidity for oxygen than the blood itself’ and presumably 
“a kind of internal secretion.” 

This view has been antagonized by some of the advocates of 
the diffusion theory (whose aerotonoinctric figures are sugges¬ 
tively discordant), but ns wc have soim the “evidence has lieen 
steadily increasing in favor of the secretory theory, especially as 
regards the absorption of oxygen.” 

Having repeatedly noted the powerful reducing properties 
of adrenal extractives, it occurrcil t«) me that the secretion of 
the adrenals might fiilfdl this role. Anatomical studies in 
various lower animals and in man, and a systematic research in 
the literature of the subject, demonstrated that it met all the 
conditions required to satisfy so important a function. 

The first deduction imposed by these researches was that 

The secretion of the adrenals has a mtirlred affinity for 
oxygen, and inevHahly rrarlfSs the pulmonary air-cells. 

Vulpian,” over fifty years ago, found that adrenal juice 
reduced iron perehloride and inline. Cybulski" recorded a 
similar aetion on imtassiuin permanganate; T^anglois** noted, 
however, that adrenal extract lost its retlucing properties in vitro 


M 
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when oxidizing compounds were added. As to the action of the 
atmospheric oxygen, Battelli** found adrenalin did not lose 
its properties when contact with air was prevented, while Abel,” 
Takamine,” and others refer to this property as a source of 
trouble in laboratories, the latter chemist specifying, in fact, that 
adrenalin becomes oxidized by contact with the air. 

That the adrenal seerction inevitably reaches the air-cells 
was made clear by a study of the anatomical relations between 
the adrenals and the lungs. The blood of the ciferent vessels of 
the adrenals, their veins, passes to the inferior vena cava, directly 
on the right side, and by way of the renal vein on tlie left. The 
actual presence of the adrenal secretion in the blood of the 
adrenal veins is shown by many experimental facts. Gottschau,” 
for example, traced hyaline granules (found subsequently to be 
their secretion) from the interior of the adrenals to their veins. 
This observation was confirmed and amplified by Manassc,” 
Aulde,” and Stilling."* Pfaundler** traced the same granules 
from the interior of the organ along the adrenal veins to the vena 
cava itself. It is doubtless the adrenal seerction and no other 
which is carried by the blood of the vena cava, for, when blood 
originating from the adrenals on its way to this great trunk was 
injected into animals by Cybulski and Scymonowicz,"" it pro¬ 
duced the characteristic effects of adrenal extract. Those results 
were confirmed by Biedl,®* Ijanglois,*® and Dreyer.** Scymono- 
wicz, Biedl, Dreyer, Salvioli, and I’izzolini** found, moreover, 
that such effects could not be obtained u'ith venous blood obtained 
from other parts of the Iwdy. 

The next fact to assert itself was that 

Oh reaching the air-celh, the adrenal secretion absorbs 
oxygen and becomes a constituent of haemoglobin and of the red 
corpuscles. 


•Battelli: C. r. de la Soc. d« Mol., liv, p. 143S, 1»03. 

•AM: Bull. Johna Hopkina Hoap., p. 116, Sept.-Oct., 18MI. 

• Takamlne: Therapeutic Qaiette. p. 121, April 16, 1901. 

■Oottaebau: Arch. t. AnaL u. Phraiol., Anat. Abth., p. 412, 1883. 

• Uaoaaae: Arch. t. Path. u. Phraiol., cszxv, pT 263, 1894. 

■Aulde: Br,t. Ned. Jour., Mar 6, 1894. 
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While a n.*diK-iiig t-ubslaiu-o lias lieeii fuiinil iieix'siwry, we 
have seen, to account for the ahsorption of o.\ygt>n from the 
alveolar air, it happened that the gn*ater part of the ha'iiioglohiii 
molecule was coin{H)se<1 almost oiitin>ly of an alhumiuoiis suh- 
stance which had remained unidentified, tlaiugw,** for instaiUH*. 
states that **heemoglohin e.xists in the hliHMl-i-oriuiHclcs in the 
form of a compound with a yet unknown constitiient of the cor¬ 
puscles/* This body he detines ns the “albuminous moiety of the 
haemoglobin molecule” and.*® as represeniing SM! jH*r wnt. 
of this molecule, the remaining i |H>r cent. Iieing tlie iroiw 
laden luemntin. Now, I found that tliis “unknown constituent'* 
of ha'moglobin corresponded in its physictK-hemical properties 
with the adrenal secretion. (Jnmgee.*'' for example, states that 
lueinogloliin is insoluble in absolute alcohol, chloroform, lK>n/.ol, 
ether, and all organic solvents: Vnipian*' had nlrt'aily noted 
that, of all glandular jiniducts, that of the ailrenals alone show(>il 
this peculiarity, tinuticr,*® Moon.',*® and Takamiiie also r(>fer to 
it. Again, according to )Ioore and Piiriiiton.** adnmal extracts 
are rapidly destroyed by alkalies; this is also a characteristic of 
hiemoglobin. This jiigment likewise resists heat up to the boiling 
]Hiint; this applii's also, amirding to Cybiilski,*® Mtmre,** and 
others to adrenal extract. Finally, Miilon^^ foiiml that the red 
corpuscles gave tlie histochemical reactions of the active principle 
of the adrenals, thus showing that these b|iN»d-(>e|ls actually con¬ 
tain this principle. Since then the adnoial reaction has lH‘<‘n 
obtained from bliNNl-elomcnts when*ver sought, including that 
of the ]ilaccntn. 

In i'onfirmation of this conclusion is the fact that 

The OTy(i*>n~ladi‘n ajrrnal urcreiinn itt « comtilHfnl of (he 
alhuminom (urmn^lohin in (he Idotul-plaitma. 

Baitclli*' and Kraus*”* foiiiiil adrenalin in the hlorNi, the 
latter author in (Jraves’s disease, 'fhat this priini)ile is a 
constituent of the albuminous portion of barmogiobin X’oidcd 

** Oamgrr; SchUer'a "Ttiit-lsioli of PbysloloKr.’* I. P- KM, ISM. 

"Oamgiv: iwa., p. am. IKW. 

•Oamcee: /Md.. p. SOS. INSR. 
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"Osntlrr; Cbimie blolaa<(|u«, p. 3U. im. 

* Moore: Josmsl of PhjrsiolMr, stII, p. sir, ISM-W. 

*• Moore ood Purlntoa: AmerTrsn Journal of Pbrsloloinr. III. p. IS, IMO, 

**CylNilskl: QomU I^ekarokn. Mor. n, IRK. 

•• Miwre: tAte. fit. 

"Mnlon: Pmonml Communicotlon. 

•Baltelll; C.-r. de la Sor. de Biol.. Hr. p. Il», 1*02. 
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by red corpuscles in the plasma suggested itself when Sclimiede- 
berg,** Jaquet,'*'' Abelous and Biarn^B,^^ and other chemists 
showed that blood-plasma contains an oxidizing substance, sub¬ 
sequently known as oxidase. Not only was it found to rraist heat 
at least up to the boiling point and to possess other chemical 
characteristics of the adrenal principle, but the actual presence of 
the latter is confirmed by other facts. Thus, In 1853, Traube liad 
concluded that hoimoglohin could not fulfill the physicochemical 
functions ascribed to it without the aid of a c-atalyzer. Pochl''^' 
showed that the adrenal principle was a catalyzer, while Jolles*'* 
pointed out that the activity of a given volume of blood as a 
catalyzer corresponded with the number of red corpuscles it con¬ 
tained. It is liecausc of this that Oliver and Schiifer found that 
oxidation of the adrenal principle does not occur in the blood; 
acting as a catalyzer it simply transfers oxygen from the pul¬ 
monary air to the tissues without being itself modified by the 
contact. Finally, Bernstein and Falta** have ascertained that 
“injections of adrenalin in healthy persons produced an increase 
, of the consumption of oxygen and of the production of carbonic 
acid together with an increase of the respiratory quotient.” 

Additional evidence to this effect and an explanation of 
the rdle of the red corpuscles were afforded by the next conclusion 
reached: That 

The red corpuscles, after absorbing the oxygenized adrenal 
secretion {the albuminous constituent of their hoemoglobin) yield 
it to the blood-plasma in the form of droplets, the so-called 
"blood-platelets" 

As Qamgee*” teaches, haemoglobin, under the influence of 
various chemical agents, “undergoes a decomposition of which 
the chief products are, an albuminous substance or substances, 
and a coloring matter which contains the whole of the iron”; but, 
as he also says, “the coloring matter of the red corpuscles is not 
extracted from them by the plasma.” This does not, however, 
apply to their albuminous substance. That they discharge the 


<* ScbmIedeiNtri: Arcblv f. exper. F»tb. n. Pbarm., tI, p. 283, ISTI. 
"Jxqaet, cited bjr Salkowckl: Areblv f. path. Anat. Jan. 4, 1W7. 
u Abaloua and Btarnta; Arab, de pbyslol. norm, et patbol., BOi aeriM, 
pp. MS. 288. 1886. 

tePoAl: Indian Lftncet, May 28. 1804. 
teJoUm: MSneh. mad. Wo%., p. 2088. Not. 88. 1^ 
tejtematoitt and Falte: AbaU In London Lancet, June 28, 1812. 
■Oamgee: Lor. eft., i, p. U8, 1888. 
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latter in the plasina is rendered evident by various facts. Louis 
Elsberg/' thirty years ago, observed '^a projection of a pedicu- 
lated granule or knob'’ from the periphery of red corpuscles. 
Hirschfeld*’^ traced these granules from the interior of these cells, 
tlirough one or more minute apertures which closed up again, to 
the surrounding plasma. Brockbaiik** has published a beautiful 
microphotograph of “platelets in, or being extruded from, red 
cells.” Again, Dctemann** noted that the buds on the surface 
of the red cells “at first arc attached to the cell by protoplasmic 
processes and contain lucinoglobin"; Init that, “later, the buds 
become separated from the cell, losing their hiemoglobin.” This 
docs not militate against (lamgcc's statement that the coloring 
matter remains in the corpuscles, hut it indicates that the 
albuminous constituent is voided into the plasma. 

These nlhiuninous droplets (which, in I identitied as 

the familiar fefoorf-/>/(i/p7f fa), having ahsorhwl oxygen in the lungs, 
should, in the light of preceding dwliictions and owing to the 
catalyzing property of their adrenal principle, be able to sur¬ 
render their oxygim to any agent in the hliKHl or tissues possessed . 
of sufficient reducing power to appro]>riatc it. That this applies 
to the droplets is shown hy the reaction to certain stains. Litten'” 
and others found, for example, that blood-platelets derived from 
the red corpuscles arc best stained with inethylcnc-bluc; Sten¬ 
gel, White, and Pepper** state, in fact, that “niethylcnc-hlne gave 
the only positive results.” This indicates that the droplets are 
certainly rich in oxygen—os their identity as the oxygenized 
adrenal secretion would suggest—for, as Khrlich teaches, one of 
the conditions “essential to the inethylcne-hlue reaction” is 
“oxygen saturation."** 

A study of the mclanins then showed that 
The nWuminnm ron»tHurnl of the hemoglobin, or orygen- 
laden adrenal secretion, ie distribuied by the red corpmclee to all 
parts of the body as an oxidizing agent. 
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Leonard Iljli,"* Hireclifuld, Chittenden and Albro,*” and 
moBt classic writers look upon melanins, the brown and black 
pigments found in certain forms of sarcoma, in the tissues, the 
blood, the urine, etc., in various morbid states, as haemoglobin 
derivatives. While Momer, Brandi, and L. Pfeiflfer*" found that 
it contained iron, and accept this origin, Nencki and Berdez*' do 
not, because they failed to find this metal in tlic pigment isolated 
from a melanotic sarcoma. These discordant opinions are har¬ 
monized, however, by the newer conception I submit: The first- 
named autliors dealt with whole hicmoglobin, containing, there¬ 
fore, its iron; while Xcncki and Berdez dealt quite as surely 
with haemoglobin, hut only with its albuminous constituent. 

Having traced to the adrenals tlic origin of the active agent 
of this albuminous haemoglobin and this substance being melanin, 
the presence of the adrenal principle in mclanins should be 
shown. In the first place these pigments were found by Walter 
Jones®* insoluble in alcohol, ether, benzol, chloroform, etc., i.c., 
precisely as Vnlpian, Moore, and others had found to be the case 
with the adrenal princi]>le. 'riiis applies as well to the action of 
alkalies, to which .lones, Abel and Davis"® found inelanins very 
sensitive, and to other tests. In the second place direct evidence 
was afforded by Boinet,^" who found chemically that the bronze 
pigment of Addison’s disease was identical to melanin, and also 
by Muhlmann,''^ who discovered independently that the Addison¬ 
ian pigment was a product of the adrenals. 

Finally, as the connection of the adrenal product with rc.'’.- 
piration and oxygenation T urge, suggests:— 

An excess of adrenal secretion causes a rise of temperature. 

This action was first observed by Oliver and Schafer.''® 
Beichert'® recorded a rise of 1® C. in the dog, having reached 
this temperature “in less than forty minutes.” In three experi¬ 
mental animals it “continued hypcmonnal for over two hours.” 


•• Leonard Hill: “Tezt-lMok ot Chemistry.” p. 374, 1903. 

■■ Chittenden and Albro: Amer. Jour, of Physiol., II, p. 291, 1899. 

** HSrner, Brandi, and L. Melffer, cited by Hammarateo: “Text-book of 
PhyaloloRleal Cbemlatry,” Bth American Bd., p. 688, 1908. 

S'Nenckl and Berdes: /6M. 

** Walter Jonea: Amer. Jour, of Phyalol., II, p. 380, 1899. 

**AM and Davis: Jour, of Bxper. H^., I. p. 381, 1879. 

"> Bolnet: Haraelllo mM.. April lli. 1898. 
n Mflblmann: Deut. med. Woch., No. 26, p. 409, 1896. 

Oliver and achSfer: Jour, of Pbyslol., xvlll, p. 230, 1896. 
n Relehert: Univ. of Fenna. Med. Bull., April, 1901. 



ADRBXAL 8BCRETION IN HKSPJKATION AND MBTABOUSlf. G7 


MoreF* noted a rise of 0.5° to 1° C. (0.9° to 1.8° F.) in guinea- 
pigs. Lupine” states that the increase of blood-pressure caused 
by adrenal extract is always followed by a rise of temperature. 
This is controlled by the familiar fact, first oliserved by Brown- 
Sequard, that removal of the adrenals is followed by a steady 
decline of temperature and by the hyimtherinia which attends 
Addison’s disease. 

Additional evidence on this particular feature of the gen¬ 
eral probl«n will be found in Volume 11. I studied, for example, 
the evolution of the red corpuscles throughout the animal scale'" 
and learned that they were tardy additions to the blond ns storage 
cells when the hiemoglobin dilTused in the ])hiKinn, as it is in 
many invertebrates and in certain low vertidirntcs, failed to 
satisfy the needs of the vital process. Having lH>en brought to 
the conclusion that, contrary to what is now taught, it is the 
plasmatic hemoglobin which carries oxygen to the tissues and not 
the red cells (though these act os storage cells for it us a con¬ 
stituent of their albuminous haemoglobin), I traced this sub¬ 
stance in various tissues and organs, including the nervous 
system, the guaiac and mctliylcne-blue tests being those most 
fre<|ucntly employed. Again, 1 found that the oxidases gave the 
reactions of the oxygen-laden lulrennl setrretion. Hence the 
term I applied to the latter: odrcnoxidese.” 

On the whole, this evidence, considered collectively, seems 
to me to afford a solid foundation for the conclusion that 

/i is the adrenal secretion which, after absorbing oxygen 
from the pulmonary air and being taken up by the red corpuscles, 
supplies the whole organism, including the blood, with its oxygen. 
It is. as such, the oxidizing constituent of the haemoglobin, which, 
in turn, smtains tissue oxidation and metabolism. 

It has been oonflrmod experimentally by Crile and Mcn- 
ten'" and by Menten who found that ^renalin endowed 
venous blooil with the power to liecome coiiverteil into arterial 
blood, mid enableil haemoglobin to liceome changed to oxy- 
htemoglobin. 

Additional evidence in favor of tliis conception of the rfile 
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of the adrenal secretion is afforded by the fact that it accounts, 
as will be shown by a few examples, for the properties of thi- 
adrenal secretion and preparations that tiie preTailing restricted 
view fails to explain. 

Increased oxidation clearly accounts, for instance, for the 
observations of Reichert, Morel, Ldpine and others, referred to 
above, tiiat even non-toxic doses of adrenal extractives produce 
a me of temperature, or those of Israel^* which showed the great 
frequency of fever in tumors of the adrenals, or those of Cour- 
monf° in which adrenal grafts produced without the least 
evidence of infection what he characterized as a "formidable 
hyperthermia.” In the latter cases it persisted until death oc¬ 
curred. Nor is it an ephemeral phenomenon, as is the case 
with the rise of blood-pressure, in the experimental use of 
adrenal preparations, for, as Reichert obeerved in his experi¬ 
ments, the high temperature persisted as much as two hours in 
some of the animals. 

Again, adrenal preparations are said to raise the blood- 
pressure; but this occurs only under the influence of excessive 
doses or after their prolonged use. This effect becomes clear, 
Iiowever, when the adrenal secretion as tlie active constituent of 
hscmoglobin is regarded as the oxidizing agent of the tissuee^ 
and, as such, an active factor in metabolism. The muscular 
elements of the arteries being themselves the seat of increased 
metabolic activity, they are caused to contract, thus raising the 
blood-pressure. As shown by Oliver and Scliiifer, however, 
there is also a direct action on the arterioles, and by Meltzer"’ a 
similar action on the endothelium of the capillaries. This'local 
effect is due also to the enhanced metal)olic activity of the 
adrenal product, its identity as catalyzer enabling it to activate 
oxidation in any tissue with which it comes into contact. 

The e.vcessive growth of children caused by hypernephroma 
also Rnds its normal explanation in the inordinate oxidation, due 
to the overproduction of adrenal secretion. F. de Mira*** found 
experimentally that the adrenals stimulated growth in general. 
The surplus of metabolic activity clearly accounts for the en¬ 
hanced nutrition. 


** Israel, cited by MoSItt: BMton lied, and Sars. Joar., Oct. >, IMWL 
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in its relations to general diseases, the identity of the 
adrenals as the controlling agents (»f o.\idatioii accounts for 
that ubiquitous 8}Tnptoni, fever, the nuidiaiiisin of whieli has also 
remained obscure. This gives these organs a prominent pla<v in 
pathology. Indeed, if the modem doctrine that fever up to a 
certain limit is the outward expression of an aiito-jiroteetive or 
immunizing process is sound—and the hulk of evidein e strongly 
sustains this view—^tlie adrenals, ns direct factors in fever, Ikhdiiip 
also direct factors in protecting the liody against disi'nse. Their 
role in the economy thus assumes noble pniportions in the ex¬ 
treme, since by their influence on tissue oxidation llie adrenah 
sustain life, while through their participation in imiminitv they 
ilefend life. 

Addison^s disease may be duo, ns is well known, ti> tuber¬ 
culosis, cancer, cirrhosis, and other organic disorders of the 
adrenals, or to pathologic changes in the solar plexus and semi¬ 
lunar ganglia. But how do these lesions cause the Addis«)nian 
syndrome in all its complexity? Many theories have bw*n 
vouchsafeil, but, in truth, as Anders"® ]nits it, “the pathologic 
connection between the symptomatic plienomenn of Addison’s 
disease and the anatomic lesions has not been made out.” Now, 
consider the disease with the adrenals ns governing oxidation and 
metabolism: The adrenals being the seat of destructivi* lesions, 
these three conjoined functions increasingly show signs of 
deterioration; hence the low teinpcratim* and clainniincss ihic to 
deficient oxidation; the marked and progressive asthciiin, with 
great lassitude, due to inadequate metabolism in all muscles; tbc 
small and feeble pulse and weak heart action and steady lowering 
of the blooil-pressure due also to inadiHpiate metulmlism in the 
cardiac and vascular muscles; the tendency to vertigo and the 
mental torpor due to ischmmia of the (rndinijii, the result, in 
turn, of the general vasodilation and of the resulting withdrawal 
of blood into the deep vessels, and, finally, the bronzing, due like¬ 
wise to vaso-rclaxation and circulator}’ torpor, the latter entailing 
the deposition in the epidermis of what has been found chemically 
to be the oxidizetl adrenal product, I’.r., melanin. 

The experimental production of glycosuria by injections of 
adrenalin reported by Blum, Crofton, Ilerter, and others is now 
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familiar to emy one. The labors of l^ollak^ hare diown ihat^ 
as I had previously saggested, this form of g^yoosoiis was doe to 
some relationship between the adrenal prodnct and the hepatic 
glycogen. Bnt what is this relationship? Here, again, the rdle 
of the adrenals in oxidation and metahblism supplies the ex¬ 
planation. By raising the blood’s anet in oxygen, the adrenal 
active principle' injected raises the rate of metabolic actirity 
throughout the entire organism, including, of course, the pan¬ 
creas. This organ being caused to secrete an excess of amy- 
lopsin, whidi in turn converts an excess of glycogmi into sugar, 
the proportion of the latter in the blood soon exceeds the needs 
of the body, and the surplus is eliminated in the urine. The 
participation of the adrenalB themselves in tiie process is con¬ 
trolled by various facts. Herter, for example, found that glyco¬ 
suria was caused when the adrenals were compressed in sudi a 
way as to increase the outflow of secretion, while, conversely, 
ligation of the adrenal veins which transfer the secretion to the 
inferior vena cava caused the sugar to diminiBh rapidly. 

On the whole, the facts submitted indicate that the function 
now attributed to the adrenals, i.e., that of sustaining the tone of 
the vascular system, is hut a feature of their true function: that 
of sustaining pulmonary and tissue respiration. 

Recent labors have added confirmatory evidence to thaii gtib- 
mitted. Thus, while Auer and Gates*** found that iu1«>n«liTi 
was at once absorbed from the air-cells, raising the blood-pres¬ 
sure in five seconds, Bernstein and PBltB*** noted that injections 
of adreruilin increased the intake of oxygen and the output of 
carbonic acid. Jackson*** observed a prompt dilAtni-inn of the 
bnmchiolee, and Januschke and Poliak**^ an inhrease of the 
respiratory excursions, and in the depth of these, according to 
Nic^ Bo(^, and Courtrightf**. Finally, we have seen on page 
67 that Crile and Mentm and subsequently Menton jnoved ex¬ 
perimentally the correctness of. my earUer ontita titi nTi that 
adrenalin enabled hsemogjobin to become converted into oxy- 
luemoglobin in the lungs. 
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THB GOVERNING CENTER OF THE AnpiewATJip 


That the fonctionB of the adrenals are governed thirongh 
nervee in the splanchnic is well known. Much evidence points to 
the posterior pitoitaiy^body as the origin of thm nerves. 

fiemoval of both hemispheres docs not influence tempera* 
tare, as shown by Frid^ricq,** Goltz, and others. Gorin and 
van Beneden** found in fact that, in decerebrated pigeons, the 
oxygen intake and the carbonic acid output did not differ from 
that of normal pigeons. Fembrey** states moreover that “the 
rapid rise in temperature which occurs when a hibernating 
marmot awakens is not prevented by removal of tlie cerebral 
hemispheres.” This applies as well to so high a mammal as the 
dog, in which, as shown by Goltz,” removal of the hemispheres, 
including a part of the optic thalami and corpora striata (whoso 
functions ue also annulled by removal of the cortex, tiie 
impulses of whiclt they transform and transmit), did not -inter¬ 
fere with any purely vegetative function. Evidently, therefore, 
althon^ the hemispheres and the basal ganglia can, when the 
seat of lesions, cause a rise of temperature, the heat center is not 
located in these organs. 

The base of the brain, however, asserts itself as a pathway 
for thermogenic impulses. While Tschetschichin, in 1866, 
Schreiber,” and Beichert” located a thermoaugmentor center in 
the pontobulbar region, Ott,” Tangl,'* and Sakowitsch** obtained 
a marked rise of temperature by producing lesions higher up, 
*■«., in the floor of the third ventricle and the tuber cinerenm. 
But, as Ridiet has long held, and as Sch&fer** states, examina-' 
tion of sudi experiment shows that “the results are closely 
dependent upon the establishment of an irritative lesion in parts 
which are either directly in or in close proximity to the path 
taken by motor impulses.” On the whole, the thermogenic 
lesions in the basal tiwues must have irritated nerve-paths from 
Bome stmctuTB beneath the hemispheres. 
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VONCnONB AND DISBABM OF THB ADtOlNUM. 


Further study of the questbn then showed that:— . 

The piiuitarff body sends nerve-fibers upward io the tuber 
cinereum and the wdUs of the third ventricle, and thence to the 
pontobulbar region and spinal cord. 

As just shown, the heat center can only be located beneath 
the brain and basal ganglia. Now, anteriOT to the optic thalami, 
the corpora striata, and the seat of the thermogenic lesions pro¬ 
duced by Ott and others, there exists no organ capable of gener¬ 
ating nerve impulses by way of the tuber cinereum other than 
the pituitary body. The labors of many investigators in recent 
years have overthrown the view that any part of the pituitary 
body of man is vestigial. As Herring”^ concluded recently on 
histological grounds, “it is an organ of physiological importance.” 
The various kinds of nervc-cclls, neuroglia-cells, and ependymai- 
cells described by Berkley in the posterior lobe are of as great 
physiological importance, from my viewpoint, as any in the body 
at large. Cushing**' recently confimicd by a large number of 
experiments the fact previously emphasized by many investi¬ 
gators, that complete removal of the pituitary invariably pro¬ 
duced death. 

Sappey, Luschka, Miillcr, and others of the older anato¬ 
mists refer to the presence of nerve-fibers passing from the pitui¬ 
tary body along its pedicle, up to the third ventricle. But it was 
only after the Golgi method liad been introduced that tiiis fact 
could be placed on a solid basis. Ramon y Cajal”* then found 
that the fibers passed upward to a large nucleus behind the optic 
thalami. Joris**^ also found histologically that “numerous fibers 
descend in parallel lines along the pedicle of the pituitary. 
They do not all come from the retroHjptic nucleus,” he writes; 
“some come from regions posterior to the infundibulum”. . . 
Bearing directly upon the production of thermogenic impulses 
is the discovery by Gent6s*' of fibers which pass from the pitui¬ 
tary to the tuber cinereum. Andriezen** had also traced, in the 
white mouse, fibers from the pituitary to the pons. 

We thus have a direct nerve path from the pituitary to the 
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pontobolbw r^on—^the identical tract along which, at various 
points, the lesions produced by Ott, Tangl, Sakowitsch, and 
Reichert provoked a marked rise of temperature. We will see 
presently that tiiis path is continued down the cord, and that it 
eventually reaches the adrenals. 

The next feature determined was a striking functional 
correlation between the pituitary and the adrenals. Schafer and 
Herring*** have empliasized this parallelism not only as to 
their function, but also as to their development and structure. 
I ascertained, for example, that 

The pituitary, like the adrenals, infiurnced general oxida¬ 
tion and the temperature, and also general metabolism and 
nutrition. 

Although removal of the licmisphercs docs not influence the 
temperature, as we have seen, removal of the pituitary deeply 
aifccts this process. Marinesco’** and Vassale and Sacchi’** 
observed that it was followed by increasing hypothermia. This 
cannot be ascribed to operative slioek, for Masay’®* first trephined 
the sella turcica to expose the pituitary, and allowed the animal 
to recover after this—the most violent step of the experiment. 
The result of subsequent removal was the same. Andriezen’** 
and other authors also refer to a steady decline .of temperature. 
Paulesco*** noted that this decline was progressive until deatli 
occurred. Pirrone*®* states that the main symptoms are refer¬ 
able to the ^^vascular and respiratory systems and the tempera¬ 
ture.” The relationship with the respiratory process is further 
shown by the marked disturbances of this class, dyspmea, 
polypnoea, etc., noted by Cyon, Andriezen, Masay, and other 
experimenters. 

The impairment of general metabolism through deficient 
oxygenation must necessarily inhibit nutrition. Practically all 
mvestigators refer to rapid emaciation and cachexia as prominent 
symptoms. In a dog wliicii survived sixteen days’ removal of 
the organ, Thaon*** observed “a progressive emaciation, followed 
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by deatii in eztrame cachexia.” Caselli,**** Finone^*'** and 
Haaay"** alao allude to thia phenomenon. Fuchs^^^ and many 
other authors urge the close—though obscure—^relationship be¬ 
tween the pituitaiy and bodily metabolism. Striking OTldence 
of the influence of the pituitary on metabolism and nutrition is 
afforded by its rdle in gigantism and acromegaly, the excessive 
growth during the period of hyperplasia of the organ, and the 
steady decline from the time degeneration of its anterior lobe 
begins. A relationship with the adrenals is suggested, moreover, 
by a familiar symptom of the cachectic stage of acromegaly, of 
which Harlow Brooks“* says: *‘A general brownish pigmenta¬ 
tion is present in the average case, which at times strongly 
resembles that found in Addison^s disease.” 

Another feature attesting to the parallelism between the 
pituitary and the adrenals is tiiat 

The pituitary, like the adrenals, influences the blood- 
pressure. 

Cyon”* and subsequently Masay*^* found that excitation of 
the exposed pituitary caused a marked rise of blood-pressure— 
from 81 to 200 mm. Hg. in one instance. Masay attributed this 
action to the presence in the organ of a secretion which the 
excitation and accompanying pressure forced into the circula¬ 
tion. While no one can assert today that such a secretion is not 
produced by the pituitary body, the actual existence of such a 
secretion or its functions has not so far been demonstrated. 
The substance considered as such is ridi in albuminous hemo¬ 
globin, and it is the adrenal principle it contains which, in my 
opinion, causes the rise of blood-pressure obtained by injections 
of the extract. When the pressure is marked, the kidneys, being 
passively congested, dilate, and diuresis is caused. The effects 
observed experimentally are thus accounted for without the need 
of a secretion to do so. This applies also, from my viewpoint, to 
several so-called ^‘internal secretions.” Testicular juice or 
OTchitic extract, for instance, is an oxidizing ferment and cata- 
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lyxer; it id found in all tissaes, in the female as well as in the 
male; it gives crystals of hsmin with Florence’s test, etc., and 
other reactions peculiar to the adrenal and thyroid principles— 
both of which are also found in all tissues. A close exammation 
of Masay^s report, moreover, does not sustain his opinion that 
the rise of blo^-pressure is to be ascribed to a secretion produced 
by the pituitary. The rise of pressure was itislanianeous and 
general—a fact which points either to vasoconstriction through 
nerves or to the action of some intensely active and evanescent 
principle. Both these factors arc available. Not only is the 
pituitary known to be related with the sympathetic system, but 
Langley*^* has called attention to the remarkable fact that *‘the 
effects produced by adrenalin upon any tissue are such as follow 
excitation of the sympathetic nerve which supplies the tissue,” 
a conclusion confirmed by several observers. This paradoxical 
fact is clearly explained by the presence of the adrenal principle 
in the hemoglobin. When Cyon and Masay excited the pituitary, 
therefore, they merely (»uacd sympathetic constriction of all 
arterioles, ineluding their offshoots the vasa vasorum; the walls 
of all vessels receiving on excess of albuminous hannoglobin 
(adrenoxidase) they contracted, thus causing a rise of blood- 
pressure. 

Again, as is well known, the adrenals arc intimately con¬ 
nected with the abdominal ganglia and are, embryologically, 
sympathetic structures. Their vessels being likewise influenced, 
a sudden excess of secretion furnished a second cause for the 
ephemeral rise of blood-pressure observed by Masay. The power 
of the adrenal secretion to cause such a rise is generally recog¬ 
nized. Sch&feri** characterizes as “astounding” the minuteness 
of the dose of adrenal extract that will excite physiological 
effects; 5.7 millionths of a gramme of Abel’s epinephrin snlphate 
to each kilo of body weight was found by Reid Hunt"^ to canse 
a rise of blood-pressure of 66 mm. Hg. As to the action on the 
heart, Oliver and Schafer“* found, as is well known, that adrenal 
products not only acted directly on the muscular walls of blood¬ 
vessels, causing them to contra^ (which accounts for the rise of 
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blood-pressure), but also upon the muscular wall of the heart 
Finally, the rise of pressure is tmdoubtedly produced by the 
adrenalin extract itself, for Strdil and Weias*** found that 
clamping of the adrenal veins lowered the blood-pressure, while 
release of these vessels restored it to its previous level. 

Another suggestive fact attesting to the pituitaro-adrenal 
parallelism is tliat 

27ie pituitary, in keeping with the adrenals, gives rise to 
glycosuria^ 

Adrenal extractives, as observed by Blum,**® Croftan,*** 
Metzger,*** Herter, and others, cause glycosuria. The adrenal 
secretion evidently provokes the phenomenon also, for Herter 
and Wakeman*** found that compression of the adrenals, by 
increasing the outflow of secretion into the adrenal veins, caused 
glycosuria, while, conversely, adrenalectomy was followed by a 
marked diminution of the sugar in the blood. Again, we have 
seen that the adrenal secretion passes from the adrenal veins into 
the inferior vena cava; KaufFmann**® found tliat when this great 
vessel was ligated the sugar diminished rapidly, both in the blood 
and in the urine. 

Now, the influence of the pituitary over glycosuria is quite 
as marked. M. Loeb**® urged, over twenty years ago; that the 
glycosuria which accompanies so often tumors of the pituitary 
should not be ascribed to mere coincidence. Marie observed it in 
over one-half of his cases of acromegaly. Borchardt*** tabulated 
176 patients with this disease, 71 of whom had glycosuria; as I 
had five years earlier,*** he ascribes this symptom to overactivity 
of the pituitary, and its cessation to final deg^eration of this 
organ. In 16 reported cases studied by Launois and Boy*** each 
subject presented at the autopsy a tumor of the pituitary. That 
the glycosuria is not due to pressure of the enlarged organ upon 
the basal or bulbar tissues is shown by the fact that it can be 
produced in a normal organ. Thus; F. W. Pavy*** found that. 
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“of all the operationa on tlic syiupatlictic of tlio dog that havo 
yet been jwrfonned, removal of the superior iH;rvieal ganglion 
the most rapidly and strongly produces diabetes.*’ This enig¬ 
matic result finds its explanation in the light of the i-onclusions I 
have submitted: The superior cervical ganglion, as is well 
known, supplies vasoconstrictor filaments to the pituitary; 
removal of this ganglion by causing relaxation of its arteries 
causes the organ to become hypencinic and therefore overactivc, 
with glycosuria as a result. Control of this conclusion is affordtHl 
by the fact that, as in all exacerbations of activity thus inducetl, 
the symptom was fleeting, as shown by Pavy's statement that 
the glycosuria was “only of a temporary nature.” 

Having now ascertained 1, that the pituitary could alone 
be the source of impulses to the adrenals; IS, that this oigan 
projected fibers toward the bulb, and, 3, that the pituitary and 
the adrenals gave rise to similar experimental and clinical 
phenomena, it became a question whether a nerve-path actually 
united these organs. Study of this question showinl tliat 

The phenomena provoked bp both the pituitary and the 
adrenals can be traced by irritation or sections along a continuous 
path leading from the pituitary to the adrenals. 

The tuber cinereum, u-hich, we have seen, receives fibers 
from the pituitary, extends backward toward the bulb. Punc¬ 
tures along the upper part of this path by Ott, Tangl, and others 
not only raised the temperature and quickened the respiration, 
but a section below the same region by Sawadowsky'®* and Ott 
and Scott’*' rendered impossible the production of fever by 
agents known to produce it. Caselli,’** moreover, found that 
irritation of the same tissues produced glycosuria. 

The nerve-pqth continuing downward, wc meet in the 
pontobulbar region the thermogenic center of Tscheschichin, 
Schreiber, and Beichert Suggestive in this connection is the 
fact that Brock and Gunther’** found that simple puncture with 
a probe between the pons and medulla not only caused a marked 
rise of temperature, but that this rise was general. The respira¬ 
tory center is a familiar classic feature of the medulla; we have 
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FDNCTIONS AND DISBASBHS OF THB ADRBNALfl. 


Been how all the phenomena evoked by the adrenals are linked 
with the respiratory process. All this applies as well to Claude 
Bernard’s puncture in the same region as a cause of glycosuria, 
and due in the light of all this evidence to irritation of the path 
from the pituitary to the adrenals. 

In the upper portion of the spinal cord, division by 
Tscheschichin,”* Bernard,**® and Pochoy,*** respectively, in 
various animals sent the temperature down 7® to 16® C. in from 
four to twenty-four hours, death following in Pochoy*8 animals. 
Riegel**^ found that production of heat was diminished. That 
glycosuria is produced through efferent fibers passing downward 
in the upper cord is shown by the well-known fact, mentioned 
by Stewart,*** that puncture of the bulb does not cause glycosuria 
if "the spinal cord above the third or fourth dorsal vertebra be 
cut before the puncture is made.” 

This level of the cord is of special interest, since it is here 
that the nerve-path to the adrenals leaves the spinal cord. Here 
can be evoked a rise of blood-pressure occurring in excess of that 
due to vasomotor nerves. Thus, Frangois-Franck and Hallion*** 
obtained a rise of pressure by exciting the five upper dorsal rami, 
and also by stimulating the corresponding segment of the sympa-' 
thetic chain, although the vasoconstrictor nerves to the organ 
studied, the liver, was known to reach this organ through a 
lower ramus, the sixth—a limit confirmed by Langley.**® But 
they could not account for this phenomenon. Bulgak, Bunch,*** 
Jacobi,*** and others also obtained marked vasoconstrictor effects 
by exciting these upper rami, although the vasomotor nerves to 
the organs influence were known to leave the cord lower down. 
In other words, a duplicate source of vasoconstriction, as it were, 
was present whose nature remained dbscure. It was brought to 
light, however, by the fact that Jacobi*** found that'excessive 
Mitbiiory constriction of the intestinal vessels ceased, and was 
replaccil by normal vasoconstriction when he severed the nerves 
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to the adrenals. The intense action of their secretion on the 
biood-piessure clearly accounts, from my viewpoint, for the 
excessive constriction observed. 

Briefly, these facts indicate jointly that 

Th 9 pUuitaro-adrenal path leaves the spinal cord through the 
upp*r four or five rami, to enter the sympathetic chain, and 
then the great splanchnic, which, through the inierwediary of the 
semilunar ganglia, supplies nerves to the adrenals. 

That this patli is the true one is sliown by additional data. 
Thus, Qoltz and Ewald*** found that aniinala dcprivcnl of their 
spinid cord from the bulb down could live a long time—years 
even—but that they showed a striking peculiarity, even after 
their vessels had resumed their normal ediher, that of dying of 
cold. Ott'*‘ found, however, that the animals were able to 
generate their usual heat when the section was made below the 
fifth dorsal vertebra. This is evidently because the pituitaro- 
adrenal nerve-paths had left tlic cord above this level to pass 
over to the sympathetic chain and the splanchnic, for, although 
BiedP" had failed to increase the secretory activity of the 
adrenals by exciting electrically all the median and lower dorsal 
rami, both he and Dreyeri" had succeeded in doing so by stimu¬ 
lating the great splanchnic nerve. Proof of this is afforded 
by the fact that the greater splanchnic also transmits impulses 
to the adrenals which provoke glycosuria, for Uffont'*" caused 
it by stimulating this nerve. Moreover, it is evidently thnmgh 
a nerve-path starting at least in the medulla that glycosuria is 
caused; for Eckhard, Kauffmann,“® and others found that even 
the glycosuria caused by Bernard's puncture ceased when the 
greater splanchnic was severed. There can be no doubt that it is 
through the adrenals that the glycosuria is caused, [or, bcsules 
the evidence I have already adduced to this effect, A. Mayer 
found that Ben^rd’s puncture failed to produce this symptom 

after removal of the adrenals. . 

On the whole, all the evident., of which the foregorng ■< . 
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miNOnONf AND DISBASW OT THN AOBBNAIA 

That tha pttvUary ia conneeted wUh the adrendh by 
dkeet none paths; i, that 4t thus govsms. through the adrsmis, 
general oxidation, meteAoliem, and nutrition. 

The secretory function of the intnitary wiU be reviewed 
later. 

HTPOADRENIA. 

This designation ie Bid)niitted as a more exact one than 
the term 'niypoadrenalum” now increasingly used. The latter 
suggesting to the uninitiated that the condition it describes is 
one of habitual insuiBcienc^ of the adrenals is misleading, since 
the secretory activity of toese organs is subject at all times, 
even where advanced lesions exist, to fluctuations. The phrases 
**in8uiBcien(^ of the adrenal” and. ‘‘adrenal insufficiency” por^ 
tray more acceptably the true condition present, but they are 
as ill calcnlated to designate this condition from a scientific 
standpoint as would “deficien<^ of red corpuscles” for anemia. 

While we owe to Addison, a clinician, the first observations 
(1855) which indicated that the adrenals were of signal im¬ 
portance to the welfare of the organism it was Brown-S£quard, 
a physiologist, who (1856), we have seen, first demonstrated 
their true importance to life. The symptoms caused by a 
d^cient production of adrenal secretion were not, however, 
erected to the rank of a special syndrome quite independent 
of, and capable of occurring without the presence of, Addison’s 
disease, and as a manifestation of other diseases, until Sergent 
and Bernard’*' did so in 1899. 

Viewed from my standpoint, however, the symptom-com¬ 
plex of this condition is subject to quite a differmt interpreta¬ 
tion than the prevailing one, all the labors anterior to my own 
having taken as foundation only two functions: that of sus¬ 
taining the cardio-vascular tone (Oliver and Schkfer), and that 
of producing an antitoxic substanre capable of neutrafizing toxic 
products of muscular activity, and othw undetermined poisons 
(Abelous and Langlois). The {nocesses through which these 
effects are brought about having remained obscure, however, more 
or less empirical conceptions have had to be employed to fill the 
g^M. Thus, the muscular asthenia in Achiison’s disease is attrib¬ 
ute to the toxic effects of the muscular poisons that the adrenak 
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in thdr nomuil state diould have destroyed, while, to explaia 
bTODsm& irritation of the sympathetic plexuses around the 
ad r""*>» has to be invoked. The hypothermia, dyspnosa, and 
other symptoms are indifferently attributed to the low blood- 
pressure or to the intoxication. If we ask, however, Aow irri¬ 
tation of the sympathetic plexus produces bronang, or vhy 
after adreualectomy the temperature, both rectal and peripheral, 
steadily declines, or fathom to any depth the explanations that 
are furnished, it soon becomes apparent that some important 
factor is missing. 

It is this factor which my labors seem to me to have sup¬ 
plied. They afford an explanation of all the symptoms brought 
on by inadequate functional activity of the adrenals. Being 
based primarily upon the array of experimental data submitted 
in the earlier portion of this chapter, they also constitute a 
foundation for a more exact conception of ihe various disor¬ 
ders of the adrenals than the prevailing tcachinp afford. 

Another feature which my interpretation of the functions 
of the adrenals seems to me to elucidate, as will be shown in 
a special chapter, is the process through which these organs 
carry on antitoxic functions other than those concerned with 
toxic wastes of muscular origin. This property, observed by 
Albanese,*'* who noted a decreased resistance of dccapsiilated 
frogs to neurine as compared to normal frogs, was first placed 
on a solid footing by the researches of Abelous*” and Langlois, 
which showed similar results with atropine in the frog, and 
strychnine and curare in the rabbit, though less marked. 
Charrin and Langlois*'* then found that the addition of 
adrenal extract to nicotine in vitro reduced the toxic activity 
of the latter, and that injected nicotine was also less poisonous 
when adrenal extract was added to it. Oppenheim*” then 
obtained uncertain results with potassium arsenate and atro¬ 
pine, but marked results with phosphorus, guinea-pigs *in which 
the injection of this toxic was followed by that of adrenal 
extract surviving from two to four times longer in some in- 
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stances, and altogether in othera. Strychnine, Vm grain> which 
killed guineap-pigs in three and four minutes, produced hut few 
apaams and proved harmless aa to life when its injection waa 
followed a minute later by one of 2 c.c. of adrenal extract. A 
larger dose of strychnine (Vm gnun) proved fatal, however. 
These and other experiments with various, toxins led Oppen- 
heim to conclude that *‘the adrenals, which normally destroy 
poisons elaborated during muscular work, assume great impor¬ 
tance during pathological states and must be classed among the 
■ most useful of protective organs.” 

On the whole, in the light of the personal views submitted, 
hypoadrenia or insuiiiciency of the adrenals means far more 
than the effects of lowered blood-pressure and the adequate 
destruction of muscular wastes; ii means hesides: inadequate 
oxidation and therefore imperfect tissue metabolism and nutri¬ 
tion, and also impairment of the auto-protective functions of 
the body ai large. 

The bearing of this conclusion will be gradually developed 
while analyzing the three clinical forms into which I Imve 
divided hypoadrenia,—a classification which appears to me nec¬ 
essary to enable us to apply prophylactic and remedial measures 
judiciously. These three forms are the following:— 

1. Functional hypoadrenia, a form in which the adrenals, 
though not the seat of organic lesions, are functionally deficient 
because of tardy development, debilitating influences such as 
fatigue, starvation, etc., and old age; 

2. Progressive hypoadrenia,, or Addison*s disea/se, a form 
in which the functions of the adrenals or of their secretory 
nerves are progressively impaired by organic lesions, tubercu¬ 
losis, cancer, fibrosis, etc.; 

3. Terminal hypoadrenia, a form which occurs as a more 
or less tardy complication of infectious diseases and toxsemias, 
owing to exhaustion of the secretory activity of the gilrBiiAlii 
during the earlier and febrile stage of the causative 

FUNCTIONAL HYPOADRENIA. 

The adrenals playing so important a r61e in the main¬ 
tenance of the life process itself, it is obvious that, apart from 
any organic lesion in these organs, any marked depreraion of 



rrmcTioNAL htpoaorbnia. 


83 


fonctional activity should manifest itself by symptoms cor¬ 
responding with this depression. To the symptom-complex of 
this condition 1 have given the name of ‘‘functional hy{)o- 
adrenia” to distinguish it from the forms due to destructive 
disorders of the adrenals, which constitute Addison's disease, 
and offer, of course, a far graver prognosis. As a deliniliun of 
this condition, 1 would submit that 

Functional hypoadrenia is the syniptow-romplfjr of defi¬ 
cient activity of the adrenals due to inadequate derelopmeut, 
exhaustion hy fatigue, senile degeneration, or any other factor 
which, without provoking organic lesions in the organs or their 
nerve-paths, is capable of reducing their secretory tutirity. 
Asthenia, sensitiveness to cold and cold extremities, hypoten¬ 
sion, weak cardiac action and pulse, anorexia, aiurmia, slow 
metabolism, constipation, and psychasthenia are the main symp¬ 
toms of this condition. 

The field covered by functional liypoadrciiia is necessarily 
a vast one, since it includes the asthenias so ofk'ii met with 
in the four main stages of life: infancy, childhoo*!, adult, and 
old age, usually attributed to “weakness” or “exhaustitm, and 
often “neurasthenia,” which have been trace<l to no tangible 
cause. All I can submit herein, therefore, is a cursory analysis 
of the subject. 

Functional IlYroAnnESiA ov Infancy and Childhood. 
—Although the adrenals are relatively large in tlie infant (<me- 
third the size of the kidney at birth), their functiems an‘ 
limited to the carrying on of the vital process, at least during 
the first year of life, the mother’s milk supplying Uic antitoxn; 
products capable of protecting it against the destructive action 
of poisons of endogenous and exogenous origin. This protective 
influence of maternal milk is clearly defineil in the follow'"!? 
quotation from Prof. William Welch's Harvey I/*cture: It is 
an important function of the mother to transfer to the suck¬ 
ling, through her milk, immunizing bodies, and the 
stomach has the capacity, which is afterward lost, of a sor 
ing these substances in active state. The relative nc 
the suckling’s blood in protective antibodies as contrasted witn 
the artificially fed infant explains the greater freedom of the 
former from infectious diseases.” Striking proof o w is 
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afforded by the fact that during the siege of Paris in 1870-71, 
according to J. E. Winters/** "while the general mortality was 
doubled, that of infants was lowered 40 per cent owing to 
mothers being driren to suckle their infants.” 

The predilection of children to certain infectious diseases 
obviously indicates that it is not only in infancy that vulner¬ 
ability to these disorders exists; it exposes life during the first 
decade, and more, of the child’s existence. If, then, in the 
infant the maternal milk, as Welch says, protects the suckling 
against such diseases, at least to a considerable extent, we must 
conclude that the same imderlying cause of vulnerability per¬ 
sists several years, i.e., until it has in some way been overcome. 
How this occurs we have seen. The adrenals acquire, with 
other organs, wo shall see, the power to supplant the mother in 
contributing antitoxic bodies to the blood; they supply internal 
secretions which fulfill this rdle. 

These facts point to the adrenals as at least prominent 
organs among those whose inadequate development explain the 
special vulnerability of children to certain infections, the 
"children’s diseases.” It becomes a question now whether there 
are degrees of this hypoadrenia which render the child more 
or lees liable to infection. 

That degrees of hypoadtmiia exist in children is in reality 
a familiar fact to every physician when the signs of this con¬ 
dition are placed before him. The ruddy, warm, hard-muscled, 
heavy, out-of-door, romping child with keen appetite and nor¬ 
mal functions, is one in whom the adrenals are as active as the 
development commensurate with its age will permit He is 
ruddy and warm because oxidation and metabolism are perfect 
and the blood-pressure sufficiently high to keep the peripheral 
tissues well filled with blood; his muscles, skeletal, ca^iac, and 
vascular, are strong because, in addition to being well nour¬ 
ished, they are exercised and well supplied with the adrenal 
secretion, which, as shown by Oliver and Schafer, sustains mus¬ 
cular tone. As normal outcome of tins state, we have constant 
stimulation of the functional activity of the adrenals. The 
muscular exercise and maximum food intake involve a demand 
for increased metabolism and oxidation, and the resulting 
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greater output of wastes imposes upon tlie adrenals, as par¬ 
ticipants in the oxidation and auto-protective processes, greater 
work, more active growth and development, with increase of 
defennve efficiency as normal result. 

The pale, emaciated, or pasty child with cold hands and 
feet, flabby muscles, whose appetite is capricious or deficient— 
the pampered house-plant so often met among the rich— 
represents the converse of the healthful child described, just as 
does the ill-fed, perhaps overworked child of the slums. The 
emaciation, the cold extremities, indicate deficient oxidation, 
metabolism and nutrition owing to the torpor of the adrenal 
functions; the pallor is mainly due to a dcfioienev of the 
adrenal principle in the blood and to the resulting low blood- 
pressure, which entails retrocession of the blcKMl from the sur¬ 
face. This child is not ill, but the hypoadrenia which prevails 
normally, owing to the undeveloped shite of its adrenals, is 
abnormally low, and it is vulnerable to infcc;tion. 

That all conditions which in the adult tend to produce 
functional hypoadrenia affect tlie child at least to the same 
extent is self-evident. 

Functional Htfoadkenia in the Adult. —As in tho 
child, the adrenals may be inherently weak. Such subjects do 
not, as in hypothyroidia, show signs of myxmdcma; Imt their 
circulation and heart action arc feeble, they tend to adiposis, and 
show other signs of hypoadrenia. 1 have witnessed suggestive 
bronze spots in such cases. As a rule, however, the dcvelopniciit 
of the adrenals in adults is an accomplished fact—as also that 
of their ooworkers in the immunizing process, the thyroid and 
pituitary, we shall see. The adrenals, fully capable of sustaining 
oxidation and metabolism, are able to defend the organism 
adequately; indeed, they do more: by sustaining oxidation and 
metabolism up to its highest standard in all organs, they also 
preserve the efficiency of all other defensive resources, including 
phagocytosis, with which the body is endowed to their highest 
leveL On the whole, the normai adult whose adrenals func¬ 
tionate normally is relatively resistant to infection. The infre¬ 
quency with which the physician is infected, notwithstanding 
daily exposure in his professional work, attests to this fact. 

Functional hypoadrenia appears, however, when, irrespective 
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of any and as a resnlt. of the viciasitadea of om exist- 

enee, the adi^ls are exhausted by the excesBive secretwy 
activity that exaggerated labor or exercise impoera upon them. 

Fatigue is a prominent factor in this connection. Mosso’e 
ergograph shows clearly the functional efficiency of the forearm. 
If by means of this instrument we compare the muscular power 
of a case of Addison's disease with that of any otiier kind of 
sufferer whose muscles are organically normal, a striking dif¬ 
ference will be noticed: signs of fatigue appear very soon, and 
muscular impotence asserts itself where an advanced case of 
tuberculosis, for example, will be able to show appreciable 
strength. Intense asthenia is, in fact, a symptom of Addison’s 
disease almost as characteristic as the bronze spois. It is as 
preeminent after experimental removal of both adrenals. This 
harmonizes with Oliver and Sch^er*8 demonstration of the 
influence of the adrenal secretion over muscular tone. Many 
other proofs could be adduced to show that there is a close 
relationship between fatigue and the functions of the adrenals. 
The pale and drawn face of an exhausted man, the readiness 
with which he suffers from the effects of cold and exposure, 
especially in the intestine^ are familiar features of daily life. 

The unusual prevalence of disease among soldiers in the 
fleld is of course partly due to the defective sanitation that a 
campaign entails; but fatigue—^particularly that due to heavy 
marching, carrying heavy accoutrements—^ia, in my opinion, an 
important predisposing cause, through its influence upon the 
adrenals. Not only are these organg called upon to sustain 
general oxidation and metabolism at a rate exceeding by far 
that which amply suffices for normal avocations, but the fact 
that, as shown by Abelous and Langlois,*'^ th^ also serve to 
destroy the toxic products of muscular activity constitutes 
another cause of drain upon their secretory resourceB. "Fatigue," 
write Morat and Doyon,^“ referring to experimental fatigue in 
animals deprived of their adrenals, "has an aggravating influence 
as flrst indicated by Abelous and Innglois, and conflimed by 
Albanese and all authors. Hultgien and Andwnann have even 
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observed andden death as a result of powerful movements of the 
body ” S4Miy»“* haa termed “hypoepmephry” a permanent in- 
abil% of the adrenah to protect the body a^inst infection. 

Debility from any source: starvation, loss of bloodi etc., 
as efiBciently renders the body vulnerable to disease: “Combine 
to.vin and antitoxin, and inject the mixture,” writes Prof. 
Charrin;»» "no harm will follow. But weaken the animal by 
starvation or slight bleeding and administer the same iujoetii>ii; 
death will follow with all the signs of imisoning by the toxin, 
with congested adrenals.” . . . “Tliat relations exist between 
the adrenals and infection,” urges the same authority, <‘is 
today an incontrovertible fact” It follows, tliereforo, that 
hypoadrenia from any source should render the body vulnerable 
to disease. Deficient food, excessive work, that of the sweat¬ 
shops for example, account for much of the predilection of those 
subjected to them to disease. 

Masturbation and exc^ive venerj' are important morbid 
factors in this connection. The pallor and asthenia witnesscil 
in these cases, so far unexplained, can readily be accounted for 
if, as I believe, the liquid portion of the semen is rich in adrenal 
principle. This is suggested by the fact that sperm in, the purest 
of testicular preparations, gives the same tests and acts precisely 
as does the adrenal principle. The latter is an oxidixing body 
acting catalytically; it resists all temperatures up to, and even, 
boiling; it is insoluble in ether and practically insidiiblc in 
absolute alcohol, and gives the guaiac, Florence, and otlier 
haemin tests. Now, spermin not only raises the blood-pressure, 
slows the heart and pfoduces all other physiologit-al eir«;ls 
peculiar to the adrenal principles, but its solubilities are the 
same; it gives the same tests; it resists boiling. Moreover, it is 
regarded in Europe as a powerful “oxidizing tonic” and has 
been found equally useful in disorders in which adrenal prepa¬ 
rations had given good results. The inference that spermin 
consists mainly of the adrenal product suggests that it is not 
specific to the testes, but, instead, a constituent of the blood at 
large; not only did this prove to be the case, but it was found in 
the blood of females as well as in that of males. 

Part* mSdical, Apr. », MU. 
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Functional Hyi*oadbknia or Ou> Aon. —Perpetual life 
would doubtless be ours were it not that all living organic 
matter is subjected, after more or less precarious periods of 
growth and adult existence, to one of decline and final disinte¬ 
gration. This applies particularly to the adrenals, if their 
functions are, as I hold, to sustain oxidation and ractabolisni, 
the fundamental processes of the living state. Indeed, tlie 
senile state may be said to be as evident in these organs as it 
is in the features of the aged. 

According to Landau,*”** Eckcr, Henie, and von Kolliker 
foffnd that fat occurred in increasing quantities in the adrenal 
cortex as age advanced, while Hultgren and Andersson found 
fibrous tissue between the cortex and medulla in very old 
animals. Minervini**" found a similar condition in the medulla 
of aged individuals. Dostojewski, moreover, observed a marked 
—occasionally very great—reduction in the size of the adrenals 
in the aged. Kollcston’”” has also called attention to this fact. 
Landau studied the influence of age on the vessels of the 
adrenals, adopting for the purpose a process introduced by 
Bauber and applied by many others, including Bezold, Hyrtl, 
and Liebcrkiihn, to the study of other organs, viz., injection of 
the vessels with some hardening substance, and the subsequent 
use of a corrosion mctliod to destroy the parenchyma. The 
adrenals receiving tlicir blood through a numlicr of small 
arteries, the adrenal vein, which contains no valves, was used 
for the injection. The annexed plate shows the result. The 
vessels, and therefore the adrenals, are well developed and in 
full bloom, as it were, in the adrenals of the three young adults, 
while those of the aged are shrunken and correspondingly defi¬ 
cient as blood-channels—a certain index of the Inwerefl activity 
of the adrenal functions, and, through these, of the vital process 
they sustain. 

The asthaiia of old age thus finds a normal explanation in 
the defective supply of adrenal secretion—precisely as it does 
in Addison’s disease. In fact, Rolleston states that atrophy of 
the glands in the young may produce this disease. Lorand,*** in 
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liis recently pubiislicxl book on t>UI urjrcs in fart tlial “ulil 
ajre is caused by degmeration of the »liutU‘ss glainls. ninl tliat 
there exists a condition of antoinb^xicntion in old age" finite 
in keeping, I may add, with a decline of the nntitoxie jtower 
shown by the adrenals. Lorand, who has antedated others in 
showing the influence of the ductless glaiuls upon ohl age, ha> 
found his views confiniied by Campbell,'"* I’ineles. ,sir Herman 
Weber and also—^though he denies a relationship between old 
age and rayxoedema—^^TetehnikolT. We slndl see in a Mieeeed- 
ing chapter, however, that there exists a close eonneetion between 
the adrenals and the thyroid in the genesis of old iige, in Hit‘ 
fonn of a functional relationship. 

In his closing remarks on the causation of old age, Lorand 
remarks: “It is evident from the above cfmsidt'rations that all 
hygienic errors, be they errors of diet or any kind of excess, 
will bring about their own punishment, and Unit premature obi 
age, or a shortened life, will be the result. Jn fact it is imiiidy 
our fault if we become senile at <5t) or TO, and die before 
'JO or 100.” Hence the motto of bis title page:— 

“Man flofw not die. 

ITe kills liiinsfdf.” 

— Scncfa. 


In the light of the data I have snUmitted, lumevcr, it is 
clear that the lesions to which the adrenals are subjecteil fhiring 
infections and autointoxication, from birth to the la-'t flax fif 
life, do greatly to shorten it by limiting the functional ai-ea of 
the organs through the local fibrosis they entail. It is ipiitf 
jn-obable, in fact, that centenarians owe their prolongeil longevity 

mainly to integrity of their adrenals. ^ , 

Hygiene, and particularly those of its divisions wliieb bear 
directly upon the prevention of infections discasi’s, tliiin 
itself as one of the most useful of our sciences in another . I iree- 
tion, viz., that of preserving of organism against tb«M-* ' i*"* .ih s 
which, seemingly benign because they are recoxerei rom. '"j 
for example, in the end shorten our existence b> coinpnmii^* 

the int^rity of the organs which sustain the xita p'^“'*^ 

with depraved states of a physiological condiUon, wc 
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bat regard them as abnormal in the sense that we deem adynamia 
abnormal and, therefore, susceptible to remedial measures. 
Indeed, there is much that can be done in each of the three 
forms of functional hypoadrenia dacribed. 

In infanta, we should by every possible means prevent 
infection or intoxication to presene the integrity of their 
adrenals and other auto-protective organs. The key of the 
whole situation lies in the fact that, as Buhriih states, ‘Nearly all 
the cases and nearly all the deaths are in bottle-fed babies.” 
Physicians are, as a rule, entirely too ready to yield to the 
demands of social and other claims put forth by mothers who 
do not wish to nurse their offsprings. The responsibility as¬ 
sumed by both mother and physician under these circumstances 
is overlooked. I cannot but hope that if this continues, and the 
sacrifice of countless infants proceeds, laws may be enacted to 
prevent it by imposing upon the physician the duty of submitting 
to the State authorities a certificate in which sound reasons 
shall alone account for his consent to a departure from Nature’s 
methods which entails deaths untold. J. Lewis Smith states 
that the death rate among foundlings in New York City reached 
almost 100 per cent, until wet-nurses were provided. Men such 
as Jacobi, Wintere, and many French authorities have written 
forcibly upon this subject, but seemingly to no avail. The holo¬ 
caust continues. 

Experimental research in the same direction has only served 
to emphasize the all-important prophylactic value of maternal 
milk. As L. T. de M. Sajous*** states: ‘‘That milk is capable 
of conveying antitoxic substances after these have been injected 
into the mother has been known for a number of years. In 
1899 Ehrlich and Brieger demonstrated this fact in their experi¬ 
ments on mice. The offspring of non-immune mice were suckled 
by other mice which had been immunized against the actions of 
certain poisons. It was found that the young were thereby 
rendered immune to the poisons employed, viz., ricin, abrin, and 
tetanus toxin. This immunity steadily increased during the 
period of lactation, persisted for some time after, and then 
gradually disappeared. Ehrlich thus showed that a passive 
immunity was created in the young by the absorption of milk 
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from an. immune adxdt^ and even went m far as to assert that 
all so-called hereditary inunnnity was in reality of the passive 
variety, being transmitted during lactation and not inherent in 
the o&pring itself. 

transmitted immunity has been shown to occur in 
various other animals. Thus, in 1893, Popoff showed that 
immunity against cholera could be transmitted through cows’ 
milk. He injected bouillon cultures into the peritoneal cavity 
of a cow and later injected into guinea-pigs from 3 to 10 c.c. 
of the cow’s milk. The guinea-pigs became immune against 
cholera. The same observer noted also that when the milk 
was boiled before injecting it no immunity was prodnmi. 
Kraus showed that the milk of goats immunized by injections 
of "typhus-coli bacilli” and cholera organisms hud protective 
and agglutinating properties. He also ascertained that the 
relative proportion of agglutinating substance present in milk 
to that contained in the scrum was as 1 is to 10. Taking 
up the subject from the standpoint of tuberculosis, Figari 
showed in 1905 that the agglutinins and antitoxins of this 
disease appeared in the milk of cows and goats that had been 
actively immunized against it. In another scries of experi¬ 
ments he fed the milk of immune cow’s to a numlier of rabbits, 
and in others injected it subcutaneously. In l)oth cases theso 
animals, thus passively immunized, were found to transmit to 
their young, by their milk, the agglutinins and antitoxins of 
tuberculosis. 

“Evidence is not lacking of the transmission of antitoxic 
substances through human milk. It has long been known 
that infanta below one year of age were but slightly susocptiblc 
to certain infectious diseases, and in particular scarlet fever, 
diphtheria, measles, and mumps. In fact, it was in an attempt 
to throw some light on this subject that Ehrlich performed 
his dassic experiments on mice in 1892. Four years later 
Schmid and Pflanz performed some interesting experiments 
on guinea-pigs. Into some of the animals they injected blowl- 
sernm derived from human blood which was taken, at the 
time of delivery of her child, from a woman to whom had been 
administered diphtheria antitoxin. Into other guinea-pigs they 
injected milk from the same woman. The animals were then 
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given injections of the ordinarily fatal dose of diphtheria 
toxin. From the results obtained the investigators concluded 
(1) that antitoxic substances found in the blood of parturient 
women exist also in the milk; (2) that the quantity of antitoxic 
substances excreted with the milk is much less than that found 
in the blood. SimUarly, in 1905, la Torre injected diphtheria 
antitoxin in several wet-nurses, and noted the antitoxic power 
resulting in the blood of the nurslings by injecting measured 
amounts of this blood mixed with diphtheria toxin into guinea- 
pigs. He was able to satisfy himself that a passage of the 
antibodies occurred in small amounts into the blood of the 
infants. 

“These experiments show, then, that antibodies injected 
into the mother are transmitted to the offspring. This being 
the case, it is but reasonable to expect that some of the protective 
substances ordinarily present in the normal mother’s blood 
should likewise reach the child tlirough the milk. Experiments 
have shown this also to occur. Moro found that the bactericidal 
power of the blowl-serum in breast-fed children was distinctly 
greater ilian in those artificially fed. Further confirmation was 
afforded by the fact that this difference rapidly disappeared 
when tlie bottle-fed infants were put back to the breast.” 

The prevention of disease in the infant is raised to its 
highest standard by maternal lactation. The organisms of its 
gastrointestinal canal are kept under control; the barriers to 
infection that the respiratory tract and pulmonary alveoli offer 
are well armed with antitoxic bodies; the blood itself is destruct¬ 
ive to pathogenic organisms, and the infant is thus protected 
against those diseases which, even if recovered from, we have 
seen, leave enfeebling lesions, fatty and fibrous degeneration, in 
those organs upon which his health in after years and the dura¬ 
tion of his life depend. 

In the child beyond the nursling period the problem is 
more difficult. The fatal “second summer” recalls the sins of 
the milkman, the filth of the cowshed, and of the vessels in 
which the milk is transported and kept—amply Icmg enough 
to favor the growth of the oft-present Shiga bacillus, the virulmit 
bacillus coli, and even at times the streptococcus. The coiv 
rection of these and many otlier factors replete with danger 
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to the child, and which surround it on all sides, offers the 
only resources to diminish not only the mortality of children’s 
diseases, but also their occurrence, besides safefniarding health 
and longevity in after years. The good already done by our 
profession in this direction is incalculable. Bricily, public, home, 
and school hygiene, in the light of the facts 1 have submittcii. 
not only serves to protect life for the moment when the child is 
concerned, but its entire career as a healthful individual, while 
enhancing greatly its chances for a long life. 

It now becomes a question whether our resources are such 
as to enable us to raise, where functional hypoadrenia exists, the 
antoprotective resources of the child, sufliciently, {wrhaps, to 
enable it to resist infection successfully. The influence of many 
toxins and drugs on the adrenals points clearly to ovcractivity 
under their influence. In the first edition of this laiok, 1 referred 
to mercury as occupying “a high position among the stiniulants 
of the adrenal system.” Now, C. It. Illingworth**" and others 
have found tlie biniodidc of mercury c.\trcmely cflicicnt in 
aborting scarlatina, diphtheria, measles, variola, varicella, per¬ 
tussis, parotitis, and many other infcidions. The great vogiio 
of calomel among the physicians of the past generation may have 
found its raison d'etre precisely in just such an action—which 1 
have myself observed. Arsenic is a familiar agent in the alMtriive 
treatment of malaria in .\friea, and, as Surgcon-tieneral Boudin 
states, in many other diseases. The remarkable results of Petnm;;) 
with large doses of infusion of digitalis in pneumonia have 
only been tentatively explained. But if we realize that division 
of the path to the adrenals arrests and prevents the effects of 
digitalis, as we shall see elsewhere, there is good ground for the 
belief that the prevailing conception of the action of this drug 
is erroneous, and that it is by stimulating the adrenals that it 
acts, at least in part. In view of the immunizing action of the 
adrenals, therefore, we can realize Itow digitalis muld be of use 
in this infectious disease, and how it might prove useful in 
aborting any pulmonary disorder due to pathogenic organisms. 
These few examples are submitted merely to show that there is 
ground for the elaboration of a system of immunizing mcflica- 
tion. Its use has s«Tcd me well. 

"•IIIInKWOrtb: “The Abortive Treatment of SpcciSc Febrile lHaor4ere,‘* 
ete., London. USA 
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Veiy remarkable in this connection is the action of thyroid 
gland 1 grain (0.06 Gm.), adrenal gland 9 grains (0.19 Gm.), 
and Bland’s pill 1 grain (0.06 Gm.) in a capsule three times 
daily, previously referred to. Given during meals to a debili¬ 
tated child of 10 or 19 years it seems promptly to start the vital 
machinery on a new lease of life—^where, of course, the demands 
of hygiene are adequately met. Meat is of value here, while 
milk, the fluid portion of which gives the test for oxidase, and 
which, as shown in the second volume, depends upon the adrenal 
secretion for its ferment (adrenoxidase), is also of great value. 
Digitalin or strychnine in small doses is added if the heart is 
weak or to increa^ the oxygen intake. All these agents tend, by 
keeping up a slight hypersemia of the adrenals (and of the other 
organs acting in conjunction with it), to augment the efficiency 
of the child’s defensive resource. 

In the adult functional hypoadrenia may have persisted 
from childhood. Here the measures just suggested for children 
apply as well not only as preventives where infection threatens, 
or as abortive treatment, but also to raise the efficiency of the 
adrenals and the general health of the individual to the normal 
plane. It is probable that most tonics exert their beneficial 
influence through the adrenals. That “tonic” doses of mercury, 

minute doses, are efficient is well known; we have seen that 
it is a powerful adrenal stimulant. In toxic doses in fact, as 
observed by Molini^*^ it causes intense congestion and even 
haemorrhage of the adrenals. 

While there is no doubt that meat in excess is harmful, as 
we shall see under Functional Uyperadrenia, it is no doubt true 
that, as Lorand’** states, undemutrition through lack of the 
necessary proteids in the diet increases the liability to infection, 
as I urged several years ago in this work. Lorand refers to 
personal cases of tuberculosis arising from a purely vegetarian 
diet. On the other hand, Richet and H4ricourt^** obtained 
remarkable effects from a diet of raw meat in enabling animals 
to resist tubercle infection by inoculation, and raw meat has 
become an important factor in the treatment of tiiis disease. 


MfllQllniS: Bnllvtln gSnSral d« th<rap«ntlqae, Apr. 8. nSA 
**LorMd: toe. tit, p. 813. 

>*Hdricovrt: Ducet, J«a. 7, 18U. 



rUNCTIONAL HYPOADRBNIA. 95 

Orawitz^** also found that a purely vegetarian diet predisposed 
to anannia. We have seen that the adrenals supply the blood its 
albuminous haemoglobin, a deficiency of which is an important 
feature of anaemia. Did we live where pathogenic bacteria do 
not flourish, we might safely undertake to adopt vegetarian 
principle; but a reasonable amount of meat, by keeping our 
autoprotective organs, and particularly the adrenals, active, 
•serves a very useful purpose. 

The influence of excessive fatigue on the adrenals, we have 
seen, is such as to weaken greatly their functional activity and, 
therefore, their o.xygeni7.ing and iminunizing functions of the 
blood. The main harmful feature in this connection is the 
relative deficiency of rest, which means, from my viewpoint, 
inadequate opportunity atforded the adrenals to recuperate. 
This, of course, should be pro|)ortioiiate to the amount of strain 
imposed upon these organs, and the rasistnnee itf which they are 
capable. It is probably owing to lack of this tlint a]iparcntly 
strong men are often the first to **give out” in force*! marches. 
The physical examination being Imsed mainly upon the elalue 
prmens. and tlie adrenals lK‘ing nwossarily (for wo arc now 
dealing with a new line of thought) overlooked as factors, there 
is marked inequality in the resistance of the men to strain. This 
applies as well to the ]utthogencsis of chronic disorders. In a 
personal analysis of 40 cases of hay fever, for instance, the 
severity of the disease corresponded to a considerable degree 
with the number of children's diseases the patient had had, the 
worst cases having had six of these diseases in comparatively 
quick succession. 

This sugg«»ts the need of ascertaining the niunber and 
severity of children’s and other diseases to which the recruit has 
been subjected and to add this factor to others in deciding upon 
his admission to the service or the arm to which he is to be 
assigned. The mounted man suffers less from actual fatigue 
than the infantryman who must carry his accoutrements, arms, 
cartridges, etc., aggregating in some armies as much as 70 
pounds. When, besides, defective or poor food, impure water, 
exposure, etc., and other frequent accompaniments of a campaign 
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are taken into account, one need not wonder that disuse ia a 
far greater factor as a cause of debility and death than wounds. 

Briefly, fatigue should be considered, owing to its inhibiting 
influence on the adrenals and the immunizing process in which 
they take part, as an important predisposing cause of disease. 
The periods of rest should be so adjusted, therefore, as to 
counteract this by far the most destructive factor of active war¬ 
fare. In civil life, such hardships are seldom endured, but. 
here likewise much could be done to prevent infection by means 
calculated to insure the functional integrity of the adrenals. 

To stimulate the adrenal functions when marked fatigue 
prevails would of course only aggravate the hypoadrenia after 
perhaps a period of temporary betterment. The powdered 
adrenal substance should, on the other hand, judging from the 
effects of injections of adrenal extracts in experimentally 
fatigued animals, serve a useful purpose. 

In old age the ductless glands assume such importance, 
that a valuable work has been written by Lorand^^^ to indicate 
how the functional activity of these organs could be presei'ved 
in order to retard the ravages of age beyond the fifth decade, 
while prolonging life. The reader is therefore referred to Dr. 
Ijorand’s volume for a mass of information which cannot be 
considered here. 

The adrenals, as shown by the plate opposite page 88, are 
deficient in circulatory activity, and, therefore, unable to sustain 
functional activity of all organs up to its former standard. It 
becomes a question whether, realizing tliis fact, we should by 
artificial means excite the adrenals to greater activity. That 
such a step might shorten life instead of prolonging it is 
probable. In the first place, the .frequent presence of arterio¬ 
sclerosis in tlie aged counsels prudence; in the second place, to 
activate the adrenals would only hasten their degeneration by 
imposing a greater wear and tear upon them. Drugs capable of 
enhancing adrenal activity had, therefore, better be avoided in 
the aged. 

Far better is it to compensaie for the loss of efikiency of 
the adrenals by supplying to the blood, through a suitable diet, 
substances which contain the adrenal principle. If my opinion 
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gpennin owes its virtues to tho adrenal principle it contains 
is warranted we can understand why Brown*SiH|uard rejuvenated 
himself by means of testicular juice injections (I saw him at the 
time and can testify to its wonderful effi*cts upon him), since 
he enriched his blood with tlie pabulum of oxidation, metabolism, 
and general nutrition, without impairing his adrenals. With 
advanced knowledge we need not follow his example. We have 
seen that milk contains the adrenal principle, and that all animal 
tissues owe tlieir functional activity to its prescnt*c. In milk, 
buttermilk especially (since it is almost pure plasma), we have 
a ready and inexpensive means tt» compensate for delieient 
adrenal activity. If debility and other signs of functional hy|s»- 
adrenia prevail, I advocate tho daily addition to the plain, 
though varied diet to wliich elderly people shoidd restrict 
themselves of tlie expressed juice (iiucooke<l) of one jwiind of 
fresh beef daily taken in soup, if distasteful otherwise, and 
salted to taste. This is a powerful agent for goo«l which is 
well home by the stomach, and which hiore than compensates for 
the weakened adrenals, since it rapidly restores stnmgth and 
vigor—provided, of course, harmful intluem-es in other directions 
are awided, and a hygienic mmle of life, witli reasonable oiit-of- 
door exercise, prevails. 

In matters sexual, aged men should be extremely rcserve<l, 
since the w«iste of seminal fluid to them means waste of life 
substance replaced with difficulty and nev»*r in abundance. 

ADDISON'S DISEASE, Oil CHROXIO IMIOORESSIVE 
IIYPOADRKNIA. 

That new lines of thought concerning this disease arc not 
untimely is suggested by Antlers’s previously ipiotwl staU’inent 
in a recent edition of iiis tcxtlMM»k that “the pathologic ©in- 
nection between the symptomatic phenomena of Addisem’s disease 
and the anatomic lesions has not been made out." 

Of major importance in this coniut'tion arc the facts that 
advanced lesions have lieen found in the adnmals post-mortem, 
though the subject had during life pn.wnte»l no signs of the 
Addison syndrome, and that, as Davis'^* states, “in the majority 
of cases the patients have coiiipIaine<l of asthenia for a i-onsidcr- 

>** DaTla: Sajou’s Cfelop*dUi of Prac. Med., toI. I, p. 13*, *d !•••• 
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able time prior to the appearance of noticeable pigmentation 
on the Bor^." Many cases die, in fact, before tL pigments- 
tion appears. Under these circomstances it is evident ftat the 
prevailing teaching that bronzing is the charactmstic sign of 
Addison’s disease—^raised to the dignity of a sine qyn non in 
some works by the dictnm ^Srithout bronzing, no Addison’s 
disease”—is an nnfortunate one for the patient’s welfare, since, 
as shown elsewhere in tiiis work, bronzing is a symptom dmo ting 
advanced lesions of the adrenals or in the course of their secre¬ 
tory nerves, whether in the ganglia or the splanchnic, or even 
the spinal cord from which the adrenal paths originate. It is 
because of the pr^ence'of th^ nerves in the abdominal sympa¬ 
thetic (the greater splanchnic in particular, as demonstrated by 
BiedU" and Dreyer”^), was not known to Martineau,*^* Jaccoud, 
Lancereaux,’” von Kahlden,*” and others that they denied that 
the adroial insufficiency was always the underlying cause of the 
disease, as held by Addison himself, Qull, Trousseau, and many 
other of the older clinidans. It is apparent that a lesion any¬ 
where in the course of these nerves must be capable of causing 
inhibition of the adrenal functions and Addison’s disease, by 
interfering both with the secretory activity of the glands and 
the formation of their secretion. This is well exemplified by 
cases reported by Semmola and Brault in which bronzing was 
due to pressure upon the semilunar ganglia and the solar plexus; 
the fiow' of impulses through these strocturra to the adrenals 
being impeded, the functions of these organs were inhibited. 
Pressure or organic lesions m^y occur anywhere in the pitnitaro- 
adrenal nerve-path. Even the cachetic stage of acromegaly is 
often attended by a bronze pigment “strongly resembling that 
found in Addison’s disease” we have seen. From my viewpoint^ 
therefore, 

AddUon’a diaease w f&e symptonH:omplex of progrettivo 
hypoadronia, ie., of insufficiency of the adrenals. It occurs 
when, owing to progressive organic lesions in these organs or 
tti the course of thar secretory nerves (the abdominal sympor- 
tbeftc and its ganglia, the spinal axis or the pituitary body), the 
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odfinol S€CF9tton ptoducfd w incfewfuigl^ tnadcQtuUt to oubUUh 
general oxygenation, metabolism and Huirition, and the cardio¬ 
vascular tone. 

Pathoqenesis and Symptomatology.—T hese will be con¬ 
sidered together to indicste the intimate rehitionship between 
them when the functions of the adrenals are intcr])reted from 
my yiewpoint. This will be further facilitated by analyzing the 
symptoms in their physiological sequence. 

Hypoth&mia, Coldness, and Dyspnaa. —^These symptoms are 
self-evident results of deficient oxygen intake, and of the cor¬ 
respondingly deficient oxidation and metalinlism incident upon 
the deficiency of adrenal secretion. The sensation of cold is 
aggravated by the fact that the deficiency of the latter—or rather 
of the adrenoxidasc it becomes—entails relaxation of the arteries 
and a low blood-pressure; the blood accumulating in the larger 
tranks of the splanchnic area, the peri])hcral vessels are partially 
depicted of theirs, and peripheral oxidation btdng thus dimin¬ 
ished from two directions, the patient comiilains of chilliness. 
The dyspnoea is due to the same two factors: inadequacy of 
adrenal secretion to properly oxygenize the blood, and ischKmia 
of the lungs tlimugh retrocession of the blood into the deeper 
vessels. An aggravating factor is the intense miiseulnr weakness 
Which also, of course, affects the thoracic respiratory niiisclcs. 

Progressive Asthenia-, Weak Heart .iction, and Vascular 
Hypotension. —Oliver and Schafer and, later, Cyhulsky and 
Szymonowicz having found, we have seen, that the adrenal secre¬ 
tion sustained the tone of the cardiovascular and skeletal 
muscles by a direct action upon them, n process supplemented, os 
I have shown, by its power to sustain oxidation and metabolism 
in these (as well as all other tissues), it is obvious that fleficiency 
of this secretion should produce weakness of all muscular tissues, 

loss of contractile power. Asthenia, weak heart airtion, and 
relaxation of the arteries—the blooil-prcssiire sometimes being 
as low as 50 mm.—are thus a direct result of ilie adrenal insuffi¬ 
ciency. Here again, however, the low vascular tension aggravates 
the morbid process by causing retrogression of the blood toward 
the deeper channels of the splanchnic area. The cardiac and 
skeletal muscles receiving on unusually small volume of blood, 
their contractile power is weakened in proportion and thdr 

T 
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refligtanoe to fatigue reduced practically to nil. Sergent hat 
proposed a diagnostic sign, "tiie white line,” which I would 
explain by this peripheral ischsemia, is obtained by lightly rub* 
bing the surface of the abdomen with the pulp of a finger. A 
broad, white stre^ soon appears, which gradually becomes mom 
distinct, then after three or four minutes fades away. 

Emanation, Anorexia, Vomiting, Diarrhcea .—^That deficient 
oxidation and metabolism, upon which nutrition depend, should 
entail emaciation is self-evident. Anorexia is but a cal>flequence 
of this state of affairs, the utilization of less foodstuffs being a 
normal result of deficient demand for the sune by tiie tissues. 
The vomiting is due mainly to the gastroptosis caused by relaxa¬ 
tion of the muscular coat of the stomach, a condition similar 
to that present in all other muscles of the body. Vomiting 
occurs when imperfectly digested materials acciunulato in the 
stomach, partly because of its dilatation and partly as a result of 
deficient peristaltic action from the same muscular incompetence. 
A corresponding degree of asthenia of intestinal muscles also 
entails constipation owing to deficient peristalsis in certain 
cases, while in others, or sub8C(|uently, there is diarrhoea owing 
to relaxation of the intestinal arterioles and the resulting passive 
congestion of the intestinal mucosa. 

Bronzing. —Langlois, Uourfein, and otiiers have found that 
one-eleventh of the adrenals sufficed to carry on their func¬ 
tions; this illustrates the small proportion of adrenal secre¬ 
tion required and the progress any local lesion may make before 
the organism at large is morbidly influenced. Yassale and 
Zanfmgnini*” found that if all but a small fraction of the 
medulla is left in experimental animals, all the typical signs 
other than pigmentation may appear. This illustrates the 
valuelessness of Nothnagel’s observation that pigmentation did 
not occur in 153 animals from which he had removed both 
adrenals. Death occurred in all these animals long before 
bronzing liad had time to occur. Boine^ who, on the other hand, 
utilized rats, which are known to survive the operation longer 
than'any other animal—owing to the frequent presence of ac¬ 
cessory organs—observed typical pigmentation in all *i>iniala 
which had had several months’ postoperative life. Tizzoni noted 
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similsr resalts after crushing tlie organs; Browu-Seijuard, in fact, 
had long before noted that bronzing appeared in animals in which 
the operation did not pYove fatal for some months, the other 
symptoms present Iwing analc^ous to those of Addison’s dis* 
ease. It is because of these and other facts adduct>d in the 
earlier editions of this work that I concluded*^* that 
ciency of the adrenal* only manifests itself by bronzing when, 
from any cause, all but a small proportion of the organs has 
been rendered physiologically inactive/* Briefly, the bronzing 
of Addison’s disease occurs only in advanced hyimadrcnia. 

We have seen that the pigment which gives the skin and 
the mucous membranes their bronze hue is mainly composed of 
the adrenal product, or adrenoxidase, which, from my view¬ 
point, is the oxidizing body of the linMiioglobin.*** That the 
pigment was a product of the adrenals was first suggested by 
Brown-S£quard. But why should it, though a constituent of 
the circulating blood, accumulate in the tissues? Here, again, 
two factors prevail: the extremely weak blood-pressure in 
advanced cases, and the identity of the ailrenal pnaluct as the 
albuminous constituent of hemoglobin. The vis a iergo motion 
of the blood being slowed, the plasma circulating in the cuta¬ 
neous capillaries is increasingly unable to traverse these minute 
vessels and is defiositcd in the rcte miicosum. The adrenal 
constituent being freed, it resumes its original reducing power 
and undergoes the changes of color witnessed when fluid- 
extracts of adrenal substance are exposed to the air and light— 
a yellowish brown gradually turning to bronze and often to 
black. It is because of this that bronzing is not characteristic 
of Addison’s disease, and that it occurs in other cachectic dis¬ 
orders. 

This does not militate against the production of bronzing 
by other factors, local irritation, drugs, cutaneous or nervous 
disorders. It explains only its mode of production in Addison’s 
[diaeasc, as 1 interpret it. 

Lumbar and ahdominai pain often occurs early in the 
jsease, but may be absent throu|di its entire course. The fact 
^t it occurs suddenly in crises {loints to pressure upmi the 
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abondant nervona straetores in the immediate neighborhood of 
the adrenals or through dilatation of these organs when the 
general blood-pressure, from any intefcurrent cause, becomes 
high. The intense congestion attending or preceding adrenal 
hsemorrhage, which often terminates Addison’s disease, sug¬ 
gests that a temporary exacerbation of the local hypenemia 
incident upon the local lesion is the main cause of this symptom. 

Tendency io Syncope, Impairment of Vition, and 11 earing .— 
The tendency to syncope is such in some cases that elevation of 
the head sometimes suffices to cause death. Not only is this 
accounted for by the low blood-pressure and the resulting cerebral 
iscluemia, but also by the poverty of the blood in adrenoxidase, 
its oxidizing principle. The extremely small, soft, compressible, 
and sometimes imperceptible pulse bespeaks a third factor in the 
pathogenesis of this symptom: great systolic weakness of the 
heart, owing to loss of the direct support received from the 
adrenal secretion in transit through its right auricle and ventricle, 
and deficient metabolism in the loft myocardium. 

The same cerebral ischsemia and aniumia which predispose 
to syncope and vertigo also affect the organs of special sense; 
hence the impaired vision and hearing. 

Headache, Irritability, llalludnalions. Delirium, ConvuU 
eione. —^We have seen that, as shown by Abelous and Langlois, 
the adrenal secretion is endowed with antitoxic functions. It fol¬ 
lows, therefore, that any adrenal disorder capable of materially 
reducing the supply of this secretion must lead to accumulation 
of tlie tissue poisons it is known to destroy. It is these poisons 
that give rise to headache, irritability, muscular twitching, 
rigidity, delirium, and convulsions similar to those witnessed in 
puerperal eclampsia, also due to endogenous poisons. 

Coma, Sudden Death. —Gradual decline with profound 
asthenia, or some intercurrent disorder and coma often terminates 
the case, but not infrequently death occurs in the midst of a 
convulsion, or suddenly without such, owing to adrenid hssmoF* 
rhage. This is due to the accumulation of poisons referred lo 
under the preceding heading. By irritating or exciting the 
vasmnotor center, these poisons cause a rise of blood-pressure 
and even fever. The remnant of medulla in the adrenal^ and 
their intrinsic sinusoidal vessels, medullar lud cortical, being 



ADOISOH'S DlUUra. 


108 


• • 

inbjeeted to inordinate prefleure, anddenly mptnre^ conatitnting 
vhat Anund has my aptly termed “adrenal apoplexy.” 

Tbs&tiibkt. —^Tlie only curative nieaeure worthy of any con¬ 
fidence ia one calculated to replace the destroyed glanda or, at 
leas^ to supply the organism with the adrenal product in amne 
form. 

* The grafting of adrenals into the tissue luu led to such 
unfortunate results tliat Courmont, after a personal experience 
in the use of this procedure, declared it formally contraindi- 
cateil. Indeed, Bra,^* after grafting the suprarenale of a dog 
into the cellular tissue of the abdomen in a child of 14 years, 
witnessed its deatli in three days. Jaboulay,’** having resorted 
to the same method in two cases, lost both within twenty-four 
hours, owing, he Imnestly admits, to the o])cration. The same 
result followed in Courmont's case. If this question Is closely 
analysed, however, it becomes apparent that it is not the method 
proper, or the operators, that are responsible for the untoward 
results, but rather the fact tliat the functions of the adrenals 
were still too obscure, at the time the operations were performed, 
to atTord the indications necessary for a judicious adjustment of 
the quantity of adrenal tissue grafted to the ne^s of Mch 
particular case. 

The cause of death in such cases is mode clear by my 
interpretation of the functions of the adrenals. Thus Courmont, 
referring to tlie tlirec cases in which dog’s adrenals had beeaa 
grafted in cases of Addison’s disease, writes: “In the threo 
cases the results were disastrous. In my own case the patient 
died in twenty-four hours with a formidable ht/perthermia and 
cardiac collapse,” while specifying that there was no infection of 
the wound. With tlie adrenals as the source of a secretion whose 
mission is to sustain oxidation, the cause of the excessive 
temperature ia self-evident The grafted adrenal tissues fur¬ 
nished adrenal substance far in excess of the neeils of the 
and the phenomena produced were those of the 
physiological function carried out by the secretion, but “formid¬ 
ably" exaggerated. 

If grafting is resorted to, the proporCion of tissue employed 
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flhoald be adjusted to the needs of ^h case, always beginning 
with a small quantity of tissue and adding small grafts untU 
distinct improvement is noted. It must be said, however, that 
the experimental use of small grafts has not, so far, been attended 
with much success. 

Indeed, it has not been possible to obtain successful grafts 
in a sufficiently large proportion of experimental animals so far 
to warrant grafting in man. Dominicis,^** Boinet, Imbert,'** 
Goenen,’** Taddei and Torrini,'** and others had unsunienfully 
attempted to introduce grafts in various parts of the body. 
Aboloue,‘” however, succeeded in preserving life in animals 
from which the adrenals had been removed by means of grafts; 
hut subsequent degeneration of the latter caused death. 
Gourfein met with similar results. Haberer,*** after partly 
detaching one adrenal in such a way as to provide a pedicle 
which would continue to supply the organ with blood, inserted 
the free segment in a slit in the kidney. This operation, tried 
in 86 animals, proved successful in 50 per cent. But to replace 
a diseased organ, transplantation of a normal organ obtained 
from another subject or lower animal is necessary. The nearest 
approach to this result was that obtained by Busch, Leonard, 
and Wright,*** who succeeded in transplanting the adrenal of 
one rabhit into the kidney of another which had also been 
deprived of one adrenal. On removing the remaining adrenal 
•thirty-eix days later, the animal recovered, showing that the 
implanted adrenal was functionally active. On removing the 
kidney containing the grafted adrenal twenty-nine days later, 
however, the animal died in forty-three hours. On the whole, 
it has become apparent that the kidney is the best structure for 
the implantation of adrenal grafts, and that it is in this direc¬ 
tion that our attempts at grafting should be directed. Becall- 
ing the experience of Jaboulay, Courmont, and others to the 
effect that the dog’s adrenal produces fatal hyperthermia, the 
organs of smaller animals might be used, adding one or more 
subsequently if need he. 
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As to the genersl results of adrenal preparations and 
grafting, a seriM of 180 cases cdlected from literature within 
my reach, including 97 previously collected by E. W. Adams,*** 
in all of which adrenal preparations had been used in some 
form, gave the following results:— 

1. Cases in which death can be ascribed to grafting 


or adrenal preparations .• 8 

8. Cases in which the benefit was slight or nil. 61 


3. Cases in which marked improvement occurred .... 30 

4. Cases in which permanent benefit was obtained .. 86 


180 


The unfavorable results obtained with adrenal preparations 
given orally are doubtless due, in a great measure, to their 
empirical use, and regardless of the dose indicated in each case. 
E. W. Adams'** refers to a group of 7 cases, “in which alarm¬ 
ing or fatal results were presumably or possibly due to the 
treatment.” He mentions, for instance, 8 cases reported 1^ 
Affleck'** treated with “suprarenal gland extract.” The chart 
notes include the words: “Alarming collapse. One of the 
cases began to improve markedly when the extract was stopped.” 
In the original pai)er, refermce is made to another case tinted 
by suprarenal extract in which “similar collapse was noted.” 
The dose was not mentioned. Such cases arc apt to be 
regarded as examples of the sudden death observed in Addi¬ 
son’s disease, to which Addison himself, Dieulsfoy, Anderson, 
Bradbury, and others have called attention. Ouiol,*** having 
observed similar signs of intoxication and collapse, tried the 
remedy in a normal subject and obtained the same morbid 
phenomena. The essential feature in carrying out this mode 
of treatmmit is to adjust ike amount administered to the needs 
of wk ease. Addison’s disease being due, from my viewpoint, 
to inadequate oxygenation and metabolic activity, the results 
in turn of a defident production of the adrenal secretion, it 
folloars that the temperature and htood-pressure indioaie the 
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degree to which the adreneda are etill performing their fvncHom. 
It is plai^, therefore, that our aim should be to mpply only jvet 
enough adrenal extractive to compeneate for the deficiency of 
adrenal secretion produced. 

This may be illustrated by the history of 26 eases of Addi • 
sou’s disease in which, out of the 120, permanent benefit 
occurred. In 1 of these, treated by Bate,”* but ^^2 
(0.006 Gm.) of adrenal extract three times daily caused very 
great and lasting improvement with marked lessening of the 
bronzing. When the remedy could not be obtained temporarily, 
which occurred twice, the case relapsed. Conversely, Suck¬ 
ling”* be^n with 10 grains daily in another case and gradually 
increased until 176 grains were given each, day; he also obtained 
favorable results. That in Bate’s case the adrenals were still 
able almost to carry on their function is self-evident, while in 
Suckling’s the remedy practically compensated for the adrenals; 
the local morbid process in them was still active, and such as to 
paralyze their functions—a fact which was well shown by the 
severily of the case when the use of the extract was began. 
The average dose is probably that used by Weigall”* in a very 
severe case—5 grains, increased to 10 grains, of the extract 
three times a day. The patient increased 6 pounds in two 
weeks, and after about three months 66 pounds. In other 
words, in the 26 cases of permanent benefit, although the 
remedy was used empirically, it so happened in all probability 
that the doses employed coincided with the needs of the organism. 
In the 61 cases in which no benefit was obtained several occur 
in which failure was evidently due to inadequate dosage or to 
too early cessation of the treatment, while in others excessive 
doses—^practically in every instance a too rapid or excessive 
increase of the dose—as clearly prevented a successful issue. 

Excessive doses may not only raise the temperature beyond 
normal, as we have seen, but they may also, by increasing gen¬ 
eral oxidation and metabolism, so increase the functions of the 
thyroid that we may have, besides, symptoms of exophthalmic 
goiter. Boinet”* reported such a case in a patient who had 
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increased the doee of his own accord. The same clinician*** 
observed suddra deatli in 2 cases after injecting Viao gnun of 
adrenalin, the rise of pressure having produced, doubtless, 
haemorrhagic destruction of wliat remained of adrenal medulla. 

Desicca^ suprarenal gland, provided a |!do<1 and fresh 
preparation is used, is the most effective agent noa' at our dis¬ 
posal. It was first used by Abclous, Cliarrin and I^anglois, of 
Paris, and has also been found efficient by St'rgent,*** Ilirte and 
Debr6,**** and others. .Jndson Daiand**** rc|)ortod a case due to 
adrenal tuberculosis in which suprarenal increased greatly tlie 
vitality and strength witliout greatly increasing the blood-prcs- 
aure. The tubercular process should be treated siniultaiK'onsly. 

The preparation now generally employed, tlie driwl gland 
(the glandtda suprarenalett akrte of the IT. S. P.) is availaldc in 
tablet form, 1 grain representing alMint Ti grains of Uic fresh 
gland. If the blood-pressure and the h‘m|)eraturo are etmsidcr- 
ably below normal, 3 grains (0.2 flm.) nwiy Im* given to an adult 
twice daily during meals from the starts ami kept up ami 
increased if newl lie until they Im-omc norma), regulating the 
dose thereafter so as to maintain this level. Smaller doses are 
indicated if tlie bloml-pressurc ami tem|icrature do not depart 
much from the normal. The powder is sometimes to be pre¬ 
ferred in the same doses, owing to Uio possibility of administer¬ 
ing it in capsules which roiiociil (Jic ratJier unpleasant odor of 
adrenal gland. 

Glycerin extract of fresh gland may be prepared where the 
desiccated gland cannot he obtained; or the frcsii mutton or 
beef gland may be given twice daily, in doses of 5 to 15 grains, 
with the food. The glycerin extract is also used hypodermically, 
but the injections are painful and are no more effective than the 
dried gland. 

As previously stated, I ascribe the Uierapcutio effects of 
{Htuitary extract to the adrenal principle it contains. It is in¬ 
dicated, therefore, in Addison’s disease. The best way to ad¬ 
minister it is by intramuscular injections, using 15 minims (1 
c.c.) of the preparation termed "vaporole” by Burroughs Well- 
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come and Co. and anpplied in. small vials containing the above 
quantity. The dose should be renewed as frequently as needed 
to raise the temperature to normal and keep it there. 

Pitres and Gantrelet***” found recently that the use of 
glucose, to compensate for the deficient formation of glycogen 
(due to inadequate conversion of starches into,this substance), 
caused the iptense adynamia and sensation of fatigue to im¬ 
prove materially, especially when given simultaneously with 
adrenal preparations. 

Iron in the form of Blaud^s mass is of advantage to counter¬ 
act the aniemia. The adrenal product, by increasing the 
albuminous luemoglobin, requires the iron to build up hsmatin 
and the complete hsemoglobin. It is indicated even when the 
blood-count, which may be very low, as noted by Hayem, shows 
but little diminution of red corpuscles. One grain of iron 
can be given with desiccated adrenal powder in capsules. 
Other drugs should be used with great circumspection, espe¬ 
cially in advanced cases. Strychnine, digitalis, and other drugs 
which raise the blood-pressure expose the patient to adrenal 
luemorrhage. 

The intense asthenia, the tendency to syncope on exertion, 
and the weakness of the heart impose the need of remaining 
as quiet as possible. When the case is advanced, rest in bed 
is indicated. Nutritious, but readily digested food tends to 
delay the morbid proeess, meats and milk contributing their 
own adrenal substance to compensate in a measure for the 
patient's inadequate supply. I^avage of the stomach affords 
considerable relief in cases in which there is gastroptosis and 
retention of food materials as a result of relaxation of the 
muscular coat of the stomach, in keeping with the adynamia of 
all muscular elements. Bismuth is the safest agent to use for 
the diarrhoea in conjunction with the adrenal preparation 
employed. 

When Addison’s disease is due to tuberculosis of the 
adrenals, as is usually the case, the carbonate of creosote 6 
grains (0.3 Qm.) three times daily may advantageously be given 
with the adrenal preparation. The iodides, which do not ruse 
the Uood-presBure, have been used with advantage. 
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TERMINAL HYFOADRBNIA. 

For reamns given on page 80, the term *1iypoadrenia*^ wae 
introduced in lieu of those at present in vogue, which are either 
inconeci or cumbersome. Interpreted from my viewpoint, ^ 

Terminal hypoadrenw ie that form of adrenal inmffitiency 
which occurs late in the course of an acute febrile disease, as a 
result of the exhausting secretory activity, probably aggravated 
by temporary local lesions to which the adrenals are subjected, 
as defensive organs, during the febrile period of the disease. It 
should be clearly differentiate from intercurrent /lyperadrenia, 
a more dangerous type, considered beyond, which may appear at 
any time in the course of an acute infection or toxaemia. 

The adrenals being admittedly concerned in the protection 
of the organism during infections and intoxications bj’ con¬ 
tributing an excess of their secretion during the febrile sta(^ 
of the disease (sometimes considerably prolonged), it follows 
that after this stage is over the adrenals should lapse into a 
condition of more or less temporary insufficiency through 
fatigue or exhaustion. This effect is well exemplified by the 
recent observation of Carl**^ that the adrenals of frogs after 
strychnine convulsion and also of a bicyclist who had died of 
extreme exertion no longer gave the chromaffin reaction. 

In lobar pneumonia and bronchopneumonia, for instance, 
resolution may be considerably delayed and convalescence like¬ 
wise. There is, late in tlie case, extreme adynamia and a low 
blood-pressure, the temperature is below normal, the pulse 
weak and more or 1^ rapid, and death from heart-failure is 
not infrequent In typhoid fever, hypoadrenia is commonly 
observed. The disease assumes what is now known as the 
cardiac type, with weak pulse, prostration, a tendency to faint¬ 
ing. A case of this class, and which shows clearly the adrenal 
involvement, was recently described by Jo8u6.**‘ Here, again, 
we find, late in the case, extreme prostration, a rapid, weak and 
sometimes irregular pulse, hypothermia, and a marked tendency 
to vei^gD, fainting, and cardiac failure. Arc these phenomena 
due, in kee ping with the effects of poisons on tlm adrenals 
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already described in these pages, to vascular lesions of these 
organs ? Sicard**** reported the case of a young Toman in whom 
the foregoing symptoms appeared on the ninth day of a broncho¬ 
pneumonia. Extreme muscular weakness, marked hypothermia 
and low blood-pressure, diarrhoea, and Sergent’s white line were 
present. On the fifteenth day the blood-pressure fell to 70 or 
80 (7 or 8 per cent. Potain) and death followed three days later. 
At the autopsy the adrenals were found hsemorrhagic. This 
suggests that adrenal lesions may be present in all such cases. 
Yet, Itibadeau-Ihimas and Bing*”* have witnessed the same 
symptoms in cases of measles which recovered, while Bossuet*®* 
refers to 8 cases in various febrile disorders in which typical 
symptoms of adrenal insufficiency, asthenia, low blood-pressure, 
etc., developed suddenly and disappeared spontaneously, aided 
perhaps by adrenal extract which had been administered. What 
organic lesions occur in such cases, therefore, are not necessarily 
fatal, as emphasized by the areas of fibrosis (old healed lesions) 
often found at autopsies.*®* 

As well stated by Morichau-Beauchant,*®* the adrenals 
seem to show a special predilection for certain infections. 
Diphtheria easily leads them all in this connection. So seriously 
do these organs suffer in these cases tiiat Sevestre and Marfan 
have termed the type "secondary syndrome of malignant diph¬ 
theria.’* Hutinel ascribes the fulminating cases of scarlatina 
to this cause. Tetanus, erysipelas, mumps, certain forms of 
tonsillitis, and certain streptococcic infections are occasionally 
witnessed wludi also present the typical syndrome of hypoadrenia. 
Goldzicher*®* was led by his researches to conclude t^t in the 
various forms of septictemia tlie appearance of lower blood- 
pressure was to be ascribed to insufficiency of the adrenals. 
Finally, Comessatti*®^* found that in diseases of long duration, 
the adrenalin contained in the adrenals was far less than in those 
of subjects in which death had occurred suddenly. 

Pathooxnusis AND Stmftoicatoixkit. —^These two features 
of terminal hypoadrenia have been partially covered in the 
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foregoing lines. Briefly, if at tlic end of an infections disease 
the caw, instead of proceeding to convalescence, remains in a 
condition of asthenia, with low blood-pressure and temperaturo, 
there is good ground for the conclusion that this form of hypo- 
adrenia has occurred. Exhaustion of the adrenals during" tljc 
acute procMS having inhibited their secretory activity, tiic 
above symptoms result from inadequate o.\idation of, and 
metallic activity in, the tissues. Sergent's white line, already 
described, may be obtained in the majority of these cases. The 
patient complains of chilliness, the surface is iwle owing to the 
poverty of the blood in cellular elements and hiemoglobin, and 
to recession of the blood-mass from the surfai-e to the deejicr 
vascular trunks. The vascular tension being low the pulse is 
rapid and the heart-beat weak. Anorexia due to deficient 
metabolism and diminished nutritional needs, nausea, the result 
of relaxation of the gastric muscular coat, and diarrhoea due to a 
similar condition of the muscular coat of the (already passively 
engorged) intestine, more or less frequent fainting spells may all 
be witnessed in such cases, which are always greatly exposed to 
relapse or to sudden deiniw from heart-failure. 

Complications of various kinds may occur. The immuniz¬ 
ing proce^ being greatly weakened through the deficiency of 
adrenal secretion, one of its, important factors, septic infection, 
abscesses, bone lesions, tuberculosis of a rapid type, and otiier 
infections may more or less rapidly develop. Disorders of 
nutrition, cholelithiasis, and occasionally Addison’s disease may 
also appear. In acute pulmonary infections, pneumonia, for 
example, tissues in the neighborhood of the f(K'us of infection, 
the pleura, the heart, etc., inadequately protected by tiie blood 
or its phagocytic cells become infected. Briefly, the body is 
rendered vulnerable to the attacks of almost any patiu^enic 
organism. 

Patuolooy. —In the special type in question no adrenal 
lesion may be disceniible. In the majority of instances, how¬ 
ever, the organs are enlarged and congested, and may show here 
■nd there s limited haemorrhagic area. Their appearance sug- 
^ts not only the conditions incident upon functional exhaus¬ 
tion, but the presence of, a paiuire congestion (see page 34) 
resulting from Ion of resiliency of their sinnstdd^ veawls, thus 
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impeding the cinmlation through them. Occasionally they axe 
the seat of suppuration, a complication which is apt to be ob¬ 
served when the cansative disease i^ or indndes, a streptococcic 
infection, pnenmonia or meningitis. 

The pathological picture of the more severe form of 
adrenal complication, . intercurrent hyperadrenia, considered 
beyond, shows far more distinct lesions of the adrenal paren¬ 
chyma. Hence the t^ical lethal phenomena that attend many 
of these cases. 

Tbeathent.— In these particular cases opotherapy, or 
rather the use of adrenal gland, or of pituitary body, which 
acts very similarly, but with less violence and more lasting 
effects, sometimes gives surprising results. The adrenal prod¬ 
uct—which from'my viewpoint is also the main active agent in 
the neural lobe of the pituitary, as diown by the chromafiSn 
test—supplies precisely what the body needs, the resump¬ 
tion of all oxidation processes, which means general metab¬ 
olism and nutrition, and the resulting rise of blood-pressure, 
which causes the blood to circulate normally in all organs, in¬ 
cluding Ihe skin, and in the adrenals themselves. Indirect 
effects are also obtained: its action on the heart increases the 
contractile power of this organ, and, being thus rendered 
capable of projecting the blood with more vigor through the 
lungs, oxygenation of the blood becomes more perfect—a 
process materially aided by the rise of blood-pressure, which, as 
stated, drives the blood from the splanchnic area toward the 
peripheral organs, including the lungs and the brain. From 
these features alone, considerable benefit is derived. If we 
recall, moreover, the participation of the adrenal secretion 
(which the adrenal preparation administered represents) in the 
immunising process, we have the added factors of ridding the 
blood of any intermediate—and therefore toxic—^wastes, bac¬ 
terial toxins, etc., it may contain,- and of increasing phagocytic 
activity, thus antagonising efficiently any pathogenic organism 
that may remain to compromise the issue. Thus explained, we 
can understand the phrase '*little short of marvelous” applied 
to the results obtained by some clinicians. We can also under¬ 
stand the marked reduction in the mortality obtained by Hod- 
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dick*** in cases of peritonitis following appendicitis accom¬ 
panied by uncontndlable decline of the blood-pressnre, cyanosis, 
and other eYidencea of cdlapse, and also in puerperal toxurnias, 
by the slow intrarenous use of adrenalin in saline soiution. 
Hoddtck ascribes the lowering of the blood-pressure to paral- 
j'sis of the vasomotor center; but as tlic toxiemia is the cause 
of this condition, an agent capable of counteracting both cause 
and effect is necessary. This is met by tlie adrenal principle. 
Jo8u4,*** in typhoid fever, likewise relieved threatening symp¬ 
toms by injecting 1/i minims (1 c.c.) of adrenalin (1:1000 sol.) 
in to 1 pint (250 to 500 c.c.) of physiolc^cal saline solution 
subcutaneously. The influence of the saline solution in these 
cases must not be overlooked, however. Seven years ago, I 
urged that death was often due, in infectious and septic diseases, 
to deficient circulatory osmosis, and advised tile use of saline 
solution from the onset in all febrile diseases. Netter*'* has 
used large doses of the adrenal active principle with profit. 
Marran and Darr£*“ found it of great value in the collapse of 
diphtheria with marked asthenia, low blood-pressure, and sub¬ 
normal temperature. Moizard*** recommended adrenal opo¬ 
therapy as soon as asthenia and low blood-pressure occur in any 
infection. He gives daily two fresh adrenals from the sheep, 
finely divided and mixed with powdered sugar, or, better, the 
use of the active principle, adrenalin, snpracapsuliii, etc., 10 to 
20 drops daily divided in five or six doses. Kirchheimer*’* has 
found large doses (10 to 24 minims) safe hypodermically in the 
collapse of pneumonia, diphtheria, and scarlet fever. Letulle, 
L«nioine, Qrysez, and Dupuich**** have found it of great value 
in the latter disease. Lesn6, G4rard, and Francon**** noted 
that the sudden death in erysipelas showed the characteristic 
symptoms of adrenal inhibition and obtained good results from 
the internal use of adrenalin and digitalis. The better plan, 
from my viewpoint, is to inject adrenalin with saline solution 
(at 108* P.) intravenously. 


R«*u Ju. i.jMa 


MS udL owe. vricb„ Dae. itM. 

SBaiMiinileh: BaltoUa mSSleal. ^aa. IT, WUL 
(MnN, aaa WueoB: PrwM aSilestoi, ^av. U, ISU. 



li4 rUNCTIONS AND DUBASKS OF THB ADRBNAJUi. 

These measures are only indicated in emeigeni^ cases, 
however. In the average case the glondula mprarenodn sicca 
of the U. S. P. administered by the mouth is fully as effective 
if a good preparation is obtained as soon as asthenia and low 
blood-pressure appear. The powder in 3-grain (0.2-Gm.) doses 
three times daily in capsules, gradually increased until 6 grains 
are given at each dose, usually suffices. When the cardiac 
adynamia disappears, a small dose of thyroid, the desiccated 
gland, also grain (0.03 Gm.) strychnine %o grain (0.001 Gm.) 
and Blaud’s pill, 1 grain (0.06 Gm.) added to each capsule 
greatly hastens convalescence. The iron and the adrenal 
product serve jointly to build up the haemoglobin molecule, a 
slow process when left to itself. 

For our knowledge of the action of the use of pituitary 
extracts in infectious diseases we are mainly indebted to L. 
R4non and Dolille,*^* who began their use in 1907. In a recent 
work in which the observations of both observers are recorded, 
Delille,*** referring to grave cases of typhoid fever, states that 
they showed "arterial hypotension, irregularity of the pulse 
(especially the grave forms), oliguria, insomnia; while con¬ 
valescents showed asthenia, hypotension, or at least effort 
hypotension (Oddo and M. Achard), paroxysmal or continuous 
tachycardia”—all, we have seen, symptoms of hypoadrenia. 
They found V/j grains of pituitary extract (of both lobes), at 
noon daily, extremely efficient; it counteracted at once the 
depressed arterial tension, produced diuresis, relieved the insom> 
nia, and greatly improved the general condition. Similar effects 
were observed in diphtheria and erysipelas. The use of the 
pituitary extract “vaporole,” as described under the preceding 
heading, is also indicated in these cases. The results in 
pneumonia do not appear to me to warrant the use of any 
adrenal or pituitary preparations early in the case, the first 
few days of the disease, when the blood-pressure and the fever 
are high. They should be used only when a low blood-pressure 
and other symptoms of hypoadrenia are present. The results 
reported by Delille strengthen this opinion. In advanced 
tuberculosis no beneficial effect was observed. 
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HYPERADRENIA. 

Just as '‘hypowlrcnia” has seemed to me to replace ad¬ 
vantageously both “adrenal instilficiency” and “hypnadrcnalism,*’ 
so does “hyperadrenia” appear to convey a more exact meaning 
of excessive adrenal activity than “hyporadrenalism,” which sug¬ 
gests the presence of habitual overaotivity, and to he less ouinber- 
some than the phraso “excessive secretory activity'’ and others 
habitually used. 

To recall briefly the efTcetB of large doses of adrenal extract, 
is all that is necessary in the present connection. TextiHmks 
merely refer to the fact that it causes markiHl slowing of the 
heart, marked constriction of the bIoo<l-vesBcls, and a decided 
rise of blood-pressure; but w’c would not proctHHl far with these 
archaic limitations were we to attempt to explain with them 
the phenomena included under hyperadrenia. 1 shall, tlien«f«)re, 
continue to have the interpretatiem of the jdienotnonn witnessed 
upon the conception of adrenal functions I have advancfnl, viz., 
that the adrenals supply a secretion which becomes converted in 
the lungs into the oxygenizing albuminous constituent of the 
hsmoglobin molecule, and that as such it governs metabolism 
and nutrition, the action on the heart and blooil-vcssels being 
but an incidental result of this function. We have seen also 
that the adrenal secretion took part in the immunizing processes 
of the body at large. We shall now find that tiuw functions 
account for those of hypoadrenia, as they did under the pre¬ 
ceding heading. 

Were we to identify a “functional” type, as I did in the 
opposite condition, hypoadrenia, we should find it necessary to 
include the many conditions in which overactivity of the 
adrenals taki» an important part. When wc recall, however, 
that, from my viewpoint, these organs play a leading role in all 
febrile afifections, that an excess of adrenal secretion in the 
blood means hyperoxidntion and hyperactivity of all organs, and 
that as a result we may have glycosuria, psychoses, pulmonary 
cedema, and many other symptoms, it will become apparent that 
no such a “functional” type could well be propos^ without 
endowing the adrenals with a great part of the whole field of 
pathology. It was deemed far preferable, therefore, to treat 



116 rtmcTXONS and oiBBAflaa or ths aorbnals^ 

known diseases in the usual way and to illustrate the rdle played 
in their history by the adrenals. This has been carried out in 
the second volume, beginning with page 1389, reserving for the 
present chapter what disorders could strictly be associated with 
the adrenals per as or due essentially to an excess of adrenal 
tissue, as in ^e various forms of hypernephroma. 

In point of frequency, subdivision of the subject is not diffi¬ 
cult to establish, the first condition, treated below, being one 
which the general practitioner is liable to meet at any moment 
and continuously in the course of his everyday work. 

ACUTE'HYFBRADRENIA and adrenal HiEMORRHAGE. 

By the term "acute hypcradrenia,” 1 mean excessive func¬ 
tional activity of the adrenals or "hyperadrenalism,” brought on 
by the presence in the blood of the system at large of any 
poison capable of exciting the adrenal center. 

We have seen that various toxics, pneumobacillus cultures, 
diphthma end other toxins, drugs, vegetable poisons, etc., 
caused, when injected experimentay^D^ngestion of the adrenals, 
so marked in some instances as to provoke rupture of the con¬ 
gested vessels, or necrosis of the adrenal cellular elements com¬ 
pressed by them. To the confirmatory investigations already 
mentioned may be added tliose of Bernard and Bigart,*^* who 
studied the effects of arsenic, mercury, and lead, mainly in 
respect to the histological changes produced in the cellular 
elements of the adrenals, and who found that in the less pro¬ 
found intoxications there occur, instead of destructive lesions, 
the histological signs of functional hyperactivity. My own 
investigations have not only sustained this conclusion, but tliey 
have served to explain tho manner in which this functional 
hyperactivity is brought about, viz., by excitation of tiie adrenal 
center, which, as already stated, I traced to the pituitary body. 

As previously shown, we are dealing with the manifeetation 
of an immunizing function in which the adrenals take part. 
Important to recall in the present connection, however, is that, 
when the intoxication becomes excessive, it may entail grave 
consequences. The intra-adrenal vascular channds, abnormally 
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en^i^ged throng^ the marked back pressure induced by the 
high bkrad-preseure caused by the excess of adrenal secretion, 
are exposed to rupture. This hyperactivity of the adrenals 
(acting in conjunetbn with the thyroid) constitutes the phe¬ 
nomenon, so far unexplained by pathologists, of ffver, while tlio 
excessive activity which exposes the adrenal vessels to ruptun* 
coincides with that of hyperpyrexia in tluwe acute infections. 
In other words, the liyperadrenia which occurs in the course of 
acute febrile infections or intoxications is the expression of an 
immunizing process, but this assumes dangerous proportions 
and involves tlie danger of fatal adrenal haunorrhage when ex¬ 
cessive, when tlie immunizing process exceeds certain limits. 

Acute hyperadrenia, therefore, ur that condition of the 
adrenah which precedes adrenal hemorrhage in any febrile 
infection or intoxication, and the danger-signal of which in 
hyperpyrexia. 

This does not mean that febrile infections and intoxications 
alone expose the adrenals to hvmorrhagc; we have seen that 
many poisons and drugs even may do so by raising or depressing 
unduly the blood-pressure through a direti action on the vaso¬ 
motor center, lliis process has been reviewed in suflicient 
detail. We shall now deal only with diseases due to toxins and 
endogenous poisons, toxic wastes, etc., that arc capable of en¬ 
hancing the adrenal functions to awaken a defensive pna-css and, 
as a complication, adrenal ha;morrhagc, and treat both conditions 
jointly, the better to empbasize their dose clinical relationship. 

Adrenal hannorrhage Arst described as a disease by Rayer*'^ 
early last century, and cases of which have been reported by 
Addison, is of common occurrence pathologically. Besides the 
evidence previously submitted illustrating the frequency with 
which this morbid process is observed ^ay be mentioned the 
fact that, in 150 random autopsies, Tioeper and Oppenheim*” 
found, aside from instances of simple congestion, which were 
very numerous^ 6 true haemorrhages visible to the naked ej’e and 
8 discernible microscopically. The proportion was much greater 
when infeetbus diseases had been the cause of death; and they 
hold that a large number of similar lesions are muked by 
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cadaveric changes: adrenal congestion and necrosis being fre¬ 
quently present together. The newborn showed a special pre¬ 
disposition to this complication, the proportion qf 850 aaiopsira 
being 46 per cent. That we are dealing with a frequent, though 
generally overlooked, cause of death, is evident. 

While disorders of respiration predominate as cause in the 
newborn, infections do so in children and adolescents. Then 
come, in order, and, apparently, as the most frequent causes in 
adults: pulmonary disorders, especially tuberculosis and pneu¬ 
monia; nervous diseases, particularly meningitis and epilepsy; 
chronic renal diseases, arteriosclerosis, cancer, abscess, bums, and 
general paralysis of the insane. Purpura is often regarded as a 
cause, but this should be considered, from my viewpoint, as a 
precursor or danger-signal of adrenal haemorrhage, though the 
purpuric spots, which are in reality cutaneous haemorrhages, 
persist after the adrenal haemorrhage has o«!urred. 

From the facts submitted below, I would define adrenal 
hsemorriiage as an extravasation of blood into one or both 
adrenals due to rupture of some of their blood-vessels when, as 
a result of high blood-pressure throughout the body from any 
cause: toxins, toxic wastes, etc., these vessels are subjected to 
centrifugal pressure exceeding the resistance of their walls. 

Pathooenesis and Symptomatology.— ^Although adrenal 
haemorrhage is due to the rupture of the vascular elements 
when the congestion of hyperadrenia exceeds safe limits in all 
cases, the pathogenesis of adrenal haemorrhage varies consider¬ 
ably in its general lines according to the age at which it occurs. 
This applies also, to a limited extent, to the symptomatology. 
It becomes necessary therefore to divide the ca^ into thPM 
general groups, viz.: (1) the newborn, i.e., during the first 
days of life; (2) children, up to puberty, and (3) adults, 
beyond puberty. 

Adretial Hcemorrhage in the Newborn. —In these, adrenal 
haemorrhage occurs within a few moments or days after birth. 
In a small proportion of cases, death ensues, without premonitory 
symptoms, shortly after birth. Delay or injuries in the course 
of delivery or interference therewith by malpositions, or any pf 
the causes which are apt to render artificial respiration neces¬ 
sary, predispose to it. In another class of cases the in&ni^ 



ACVTB BTPBRADRBNIA AND AORBNXL HJiMORRHAaB. llfl 


having Bhown perhaps some slight tlillieulty in breathing or a 
tendency toward cyanosis, suddenly ivases to nurse; iviltlish* 
purple or bright-red siwts of purpura upjR*ar on the faw-, nei-k, 
buttocks, or extremities; a convulsion follows, with deatii in its 
wake. Or again, patches of purpura ai)pear, the infant n'fuws 
the breast and becomes somnolent, then suffers from «die, 
diarrhoea, vomiting, and fever aiul becomes rapidly einaeiateil. 
Convulsions usually precede death. 

All such cases are due, from my viewpoint, to the inn<le- 
quacy of the defensive resources of the infant, i.c., its inability 
to counteract an endogenous toxamiin. As ])a>vious1y staU'd and 
as will be cmpliasizcd later, the adrtmal system (consisting of 
the adrenals, tliyroid, and pituitary, and t«> which I attribute a 
leading r61e in all immiinixing functions) is not siilluiently 
developed in the nursling to protect it adiKpiatcly against toxics 
of various kinds; the maternal milk proviilcs the immunising 
constituents derived from her own adrenals and thyroi»l to 
compensate for this function. My o)iinion was cx|)erinientnlly 
sustained by Fassin, Stepanoff, and Marb6,*** and also by Con¬ 
cetti*** as to the influence of the tliyroid in the process, while 
the immunizing property of maternal milk as a compensat¬ 
ing factor for the deflciency of the suckling has been sustained 
by Ehrlich and Bricger, Abraham Jacobi, Welch, and others. 
Now, at birth, any condition which diminishes materially Iho 
immunizing activity of the maternal milk, or which, in the 
nursling, interferes with the utilization of the maternal im¬ 
munizing bodies, such as a defleient intake of oxygen, asphyxia, 
hypocatabolism, etc., correspondingly impairs the jsiwer of the 
infant to break down its waste products, thus allowing these 
poisons to accumulate in the blood. Precisely as they arc known 
to do in epilepsy, eclampsia, and other convulsive disonlers, these 
endogenous intermediate wastar cause a violent elevation of the 
blood-pressure,—sufficient to cause rupture of the delicate hut 
rich vascular network of the adrenal medulla, localized capillary 
hannorrhages in the skin, i.e., the purpura, melaena, luemoptysis, 
epistaxis, and other forms of hasmorrhage witnessal. Vomiting 
and diarrhoea occur as results of the marked congestion in the 
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alimentaiy canal, while convulsiona are produced by a corre- 
aponding hyperaemis of the cerebroapiual axis. 

This accounts for the fact that these cases cannot be traced 
to infection or ascribed to the presence of any pathogenic 
organism (though we shall see presently that infection often 
causes adrenal hsmorrhage in older children), and also for the 
frequency of adrml haemorrhage the first few days after birth, 
especially where there is any indication of deficient respiration, 
or, as in the cases witnessed by Northrup, an incomplete septum 
lucidum. 

The cortex is sometimes .greatly distended by the haemon* 
rhage, and the friable medulla of the organ completely dis¬ 
organized and replaced by a black blood-clot. 

Adrenal Hcemorrhage in Children .—This is due to an 
entirely different class of causes, though the morbid effects and 
the symptomatology are very similar. Here again death occurs 
sometimes more or less suddenly in the course of the causative 
disorder, or, in fact, sometimes before its exact nature has been 
determined, though in most cases the lethal collapse is preceded 
by purpuric spots. If the causative disorder be an exanthema, 
varicella, for example, the eruption may itself show a change, 
each patch assuming a bluish or cyanotic tinge, soon followed 
by collapse. In most cases, however, there occurs two, three, or 
more of the following symptoms: vomiting, fever, marked pros¬ 
tration, a more or less extensive petechia or a purplish purpuric 
eruption, dyspnoea or at least rapid respiration, diarrhoea with 
perhaps abdominal pain radiating into the loins, due to pres¬ 
sure of tile dilated adrenals upon the adjoining sympathetic 
plexuses, and convulsions, cyanosis, and collapse—forming an 
incomplete and variable syndrome which is characterized by a 
feature common to all—its rapid termination in death, i.e., 
within a period varying from a few to forty-eight hours. 

That a toxaemia underlies all cases, as in the newborn, is 
also evident: but its source, is entirely different. Adrenal 
apoplexy has been met in the course of several of the exanthe¬ 
mata, varicella, variola in the unvaccinated, diphtheria, and 
scarlatina especially; during convulsions or as a complication of 
absiiesm, pyasmia, septicsmia, hydatid cysts, bronchopneumonia, 
ptomaine poisoning, or after extensive bums and severe injuries. 
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It liAA *1*0 been attributed to the staphylococcus pyogenes auireus 
and albus (Biesman, Dudgeon), the streptococcus (Drysdale), 
the pneumococcus and bacillus coH communis (lUviftro), the 
meningococcus (Candler), and to other micro-organisms. On 
the whole, it may be due to many morbid conditions; but the one 
striking feature of all these causative disorders is that they are 
all of such a nature (febrile diseases, convulsions, etc.) as to 
provoke a rise of blood-pressure. Just ns we have seen the 
latter to be the cause of adnmal haunorrhagc in the ncwlatm, 
so is it in children. Dudgeon*** states that “any disease which 
is known to produce stagnation of the blood in the veins or a 
marked increase of the blood-pressure may be associated with 
adrenal bssmorrhage”; 1 would say instead that such a condition 
of the circulation tends to produce the latter as a eomplication. 

Here again we are likely to find one or both glaitds more 
or less filled with a black coagulum with, occasionally, extrav¬ 
asation, or here and there haemorrhages into the' medulla or 
under the cortex, raising the corresponding portion of the latter. 

Adrenal Ilamorrhage in Adults ,—Adrenal Iwmorrhage in 
adults is now thought to be rare, but this is probably due to the 
fact tlut it is seldom recognized. Although sudden death may 
occur without premonitory symptoms of the hannorrhngc in the 
adrenals, there is usually more or less sudden pain—sometimes 
excruciating—in the abdomen, radiating toward the biii-k, under 
the costal margin; tympanites, vomiting, prostration, great weak¬ 
ness, copious and stubborn diarrhoea. Ilajinorrliagic purpuni 
and cutaneous hasnorrhages may also appear, but purpura is 
much less common than in children; anaiimia, with a yellowish 
' tinge of the skin ranging from sepia or light brown to Uie 
bronzing of Addison’s disease in which adrenal ajKiplexy is n«d 
uncommonly observed. When it occurs in the midst of a con¬ 
vulsion, during an epileptic fit, for example, the patient may 
either die on the spot or show, on recovery, unusual asthenia, 
with, perhaps, uncontrollable diarrhoea. Gradually the pulse and 
respiration b^me weak, more or less cyanosis appears, foIlowc«l 
by coma and deatli. Unusual physical exertion has also been 
known to cause adrenal apoplexy and sudden death. Acute 
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nephritis is an occasional cause, death occurring suddcmly witili, 
perhaps, symptoms of pulmonary oedema. 

The prevailing feature of adrenal limmorrhage in adults is 
the presence of lesions in the adrenals themselves which cause 
these organs to yield with abnormal facility when a general rise 
of blood-prtssure is brought on by any one of many causes. In 
adrenal apoplexy occurring in the course of Addison’s disease, 
for example, the tissue-wastes which accumulate in the blood as 
a result of the diminished antitoxic power of the diseased 
adrenals excite, we have seen, the vasomotor center, and increase 
in proportiMX the vascular tension and blood-pressure. In the 
course of an epileptic fit the same exciting cause prevails, since, 
as is well known, the vascular tension is always marked. Over¬ 
exertion may produce adrenal hsemorrha^ through the same 
mechanism, owing to the accumulation in the blood of an excess 
of tissue-wastes. Acute nephritis also produces it by raising 
tiie vascular tension; in a caso of this kind reported by 
Loederich*** this feature of the case is specifically noted. Tlie 
production of adrenal apoplexy in Addison’s disease by injec¬ 
tions of adrenalin has also been reported in 2 cases (Boinct) 
—owing obviously to the rise of blood-pressure which this agent 
produces. Common to adults also is the form due to arterio¬ 
sclerosis, the adrenal intrinsic arteries yielding here, as they do 
in the brain, owing to atheromatous degeneration, when from 
any cause the blood-pressure exceeds certain limits. 

On the whole, it is apparent that adrenal h$maorrhage 
presents many features in common with cerebral haemorrhage in 
which the gradually weakened vessel, particularly where, in the 
case of adults, arteriosclerosis prevails, can no longer sustain 
anything beyond the minimum blood-pressure. 

Many auxiliary factors tend greatly, however, to impair the 
resistance of the adrenal vessels and tissues. As shown by 
Claude Bernard, hypersemia is a cardinal feature of function. 
The adrenal vessels are already congested and imder stress, there¬ 
fore, when they are submitted to the excessive centrifugal 
tension which a marked rise of blood-pressure entails. Again, 
in the light of modem researches, and as will be dememstrated 
later in this work, the blood contains, during the febrile stage 
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of infections and intoxications, bactericidal and antitoxic bodies 
to which antolysis, under certain conditions, ia ascribed. That 
the rich Tascular elements of the adrenals and even the delicate 
adrenal medulla are probably subjected to such a process and 
thus rendered more vulnerable, in tlic course of acute febrile 
infections, is suggested by the areas of necrosis in these struc- 
tures which many autopsies reveal. I must state, however, tliat 
I am not inclined to accept the conclusion that tlicse necrotic 
areas are due to post-mortem changes, and that 1 regard them 
as due more to a process of autodigestion similar to that known 
to exist in the gastric mucosa. This subject cannot, however, 
be considered here. 

Diagnosis. —^The most important feature in this connection 
is to differmitiate clearly tho prehaunorrhagic from the post- 
hsmorrhagic phenomena. Careful attention in this particular 
. makes it possible to save life, since the prcliasmorrhagic symp- 
tomd include several which may be reganled as danger-signals 
to the effect that the blood-pressure is dangerously high, and that 
the adrenals are threatened. 

In the infant, imperfect respiration following delayed de¬ 
livery, purpura with or without fever points clearly to impend¬ 
ing hamiorrhage: The course of events then, if no prophylactic 
measures are taken, will be the apixarnnce in a few hours of tli« 
posthaemorrhagic state: abdominal pain, diarrluca, vomiting, 
soon followed by a gradual decline of the temperature, coldness 
of the extremities with convulsions or cardiac collapse as 
terminal phenomena. 

In tire child, the presence of fever and high blood-pressure 
in the coarse of any infection entail the possibility of adrenal 
haemorrhage, especiidly when any eruption that may bo present 
tends to spread, or where purpuric spots are present. Here again, 
if not avoided by appropriate treatment, the |K)slha!niorrhagic 
phenomena appear, likewise ending in death in a few hours. 

In the advlt, tiie great variety of disorders which, b««idcs 
tile acute infections, adrenal hajraorrhage may suddenly com¬ 
plicate would seem to preclude the possibility of preventive 
measures, but if it is remembered that the adrenals are expose<l 
to hsemonhage whenever the hlood^prceeure ie high from ang 
cause, as suggested by venous engorgement, venous pulse, facial 
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congestion, and a hard pulse, with the sphygmomanometer as 
control, the danger can as readily be forested as in. the young. 
We must also, in the adult, fake into account the possibility of 
adrenal homorrhage in all asthenic diseases of the adrenals 
themselTes, particularly the tubercular lesions of Addison’s dis¬ 
ease in which death frequently occurs suddenly. In all of these, 
the symptoms of hypoadrenia are present, particularly muscular 
asthenia, emaciation, hypothermia, hypotonia or low .blood- 
pressure, and feeble pulse. 

The onset of adrenal hsemorrhage in adults is characteristic 
in its abruptness, the severity of the abdominal pain, and the 
rapidity with which it is followed by general collapse. The 
incoercible vomiting and diarrhoea (either one or ^th), the 
hypothermia, the cold sweats, the feeble pulse and heart action, 
the coma or convulsions with sudden death in their trail are 
urunistakable signs of sudden arrest of tlie adrenal functions. 

The absence of all reference to adrenal hsemorrhage in text¬ 
books has caused it to bo mistaken for arsenic poisoning and 
other intoxications, cholera morbus, appendicitis, cerebral apo¬ 
plexy, and other acute disorders. 

Pboonobis. —As will be shown presently, adrenal hsmor- 
thage may be followed by the development of heematomata in 
the adrenals proper, proof evident that not all cases are neces¬ 
sarily fatal, particularly small lisemorrhages located in the depths 
of the organ. It is probable, therefore, that when the likelihood 
of this complication will bo borne in mind by the practitioner 
when treating any one of its many causes, and its main cause, 
excessive vascular tension, generally recognized and counter¬ 
acted, its present high mortality will be greatly reduced. 

Tbbathent. —^The multiplicity of pathogenic factors and 
of symptoms, sufiScient to have suggested many clinical types to 
various authors, has, so far, prevented the elaboration of any 
treatment calculated to prevent or arrest adrenal haemorrhage 
and its rapidly fatal course. With excessive blood-pressure as 
the direct cause of the disruptive congestion of the adrenal 
vessels, however, a general line of treatment calculated to rdieve 
it obviously imposes itself. 

In a threatened case, antipyrin or other coal-tar products 
suggest themselves; but their use cannot but prove pemicions. 
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owing to the primary action on tlie vasomotor center. By ezcit* 
ing this center and raising the blood-pressore th^ increase the 
lilnlihood of adrenal hemorrhage, a fact which probably ao- 
ooanta for the many instances of fatal collapse obMired under 
their use in acute febrile diseases. The physiolojpeal saline 
solution offers, on tiie other hand, all desirable qualities. It 
does not, as argued theoretically by some authors, increase the 
vascular tension, even if injected intravenously; as shown by the 
experiments of Sollmann,*” Briggs,’** and others, any excess 
of fluid leaves the vessels at once. By reducing the viscidity of 
the blood, saline solution tends to relax the blood>vcssels; by 
increasing its osmotic properties, it facilitates greatly the pene¬ 
tration of the plasma into the lymphatic cliannels, thus farther 
reducing the vascular tension. The bactericidal and antitoxic 
properties of the. blood are not reduced in the least by this 
procedure; tliere is considerable evidence available to show, in 
fact, that they are enhanced (see p. 1367). Saline solution, 
therefore, should be used intravenously in emergency cases; 
subcutaneously in threatening cases, and per rectum in all coses 
in which there is any likelihood whatever that adrenal hsemor- 
rhage might o<H;nr. If employed from the (meet of all infectioru, 
as I suggested in 1903, the blood-pressure would probably never 
be raised sufficiently to endanger the adrenals. .. 

As to drugs, we have several at our disposal which lower 
tile blood-pressure. In emergency cases, nitrite of amyl by 
inhalation, with nitroglycerin (or in children the sweet spirit of 
niter) to sustain the effect, appears indicated. C!hloral hydrate 
has been used advantageously by J. C. Wilson in certain exan¬ 
themata, to subdue the cutaneous discomfort and as a sedative; 
as it is also a rasorootor depressor, it might also serve advanta¬ 
geously in all but infants in whom the respiratory mechanism is 
defective. Veratrum viride suggests itself as another useful 
agent of this doss. Of all measures, however, the saline solution 
is mndi to be pceferred. 

When the hamorriiage has occurred, the lethal phenomena 
are of such diort duration in most cases os to have suggested, we 
have seen, the term "adrenal apoplexy.’* In a fair proportion 
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of however, -the homorrhage causes sudden hTpoadrenia. 
The treatment of this condition is that indicated in the emer¬ 
gency cases of terminal hypoadrenia (see page 113). If the 
hemorrhage has not been too extensive the chances of recovery 
will be greatly increased by the use of adraial or pituitary 
preparations, the latter owing its properties, in my opinion, to 
the adrenal chromafSn substance the pituitary contains. 

ADRENAL HiEBiATOMA. 

{Adrenal Hemorrhagic Paeudoeget.) 

Adrenal hoematoma, which usually develops in but one 
adrenal, occurs as a complication of the condition just reviewed. 
It becomes a source of fatal adrenal hsemorrhage when the cyst 
breaks and empties its contents into the abdominal cavity. It 
indicates that the form previously described is not always fatal, 
but also that the lesions left b^ind may serve as the initial 
lesion of anotlier grave disorder. Especially does tiiis apply 
when but one adrenal is the seat of hsemorrhage. Its original 
causes, when these are traceable, are the same as those of the 
acute form: acute intoxications, especially diphtheria, typhoid 
fever, bums, osteomyelitis, hepatic abscess and- tuberculosis, 
atheroma of the adrenal arteries, thrombosis of the adrenal veins, 
traumatisms, etc. 

Fathooenssis and Sthftohatologt. —^While older in¬ 
vestigators, including Elebsi, Virchow, and Heuschen, considered 
these growths as retention cysts similar to those formed in the 
thyroid, and thus termed them *‘stmma adrenalis,” the prevail¬ 
ing view at the present time is that a small hsematoma or an' 
acute congestive process initiates the growth. As the latter 
increases in size, the adrenal structure is gradually destroyed 
and the contents is no longer—unless a recent haemorrhage has 
occurred-^merely blood, but a more or less fluid magma of 
detritus, broken-down blood- and tissue- cells, flakes of fibrin, 
cholosterin crystals, etc., which may be dirty yellow, greenish, or 
brownish in color. Microscopically the walls of the cyst, which 
vary from Ke to % inch in tliiclmns, are composed of fibrous 
tissue; the inner aspect ^ows shreds or remnants of the adrenal 
cortex. Certain thickened portions of the capsule and what 
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Bemioiganued ‘dots the cyst may contain may be fonnd to con> 
tain small <78ts and chalky deposits. These growths sometimes 
become wery large—as large as an adult head in a case of 
Chiari’s—and contain several pints of blood or liquefied blood 
and tissue dements. 

The qrmptomatology of adrenal hsematoma introduces but 
little, if any^ing, of ^e symptom-complex of adrenal insuffi¬ 
ciency (hypoadrenia) or overactivity (hyperadrenia), since the 
functions of the or^ms are not ailected materially—otherwise 
than by pressure in some instances—owing to the ample margin 
(eleven times the actual needs of adrenal tissue) left undis¬ 
turbed. Adrenal haematoma may, in fact, give rise to no symp¬ 
tom other perhaps tlian a sensation of weight, until quite large, 
when pain supervenes. This is at first indefinite, though most 
marked in the region of the tumor, in the right or left loin, or 
in the upper portion of the abdomen and loin. The ncuralgio- 
like pain due to pressure upon the adjoining sympathetic plexuses 
b^mes increasingly severe, and radiates in various directions, 
especially toward the hip and thigh of the corresponding side, 
and is subject to exacerbations, which may be very severe, 
especially after meals. Epigastric pain and vomiting (the latter 
of which affords relief) occur in some cases, especially during 
these exacerbations of suffering. 

The tumor may manifest itself, at first, merely by enlarge¬ 
ment of the abdomen. The bulging then becomes more clearly 
defined on one side or the other (this variety of growth being 
almost invariably unilateral) under the lower ribs, which may 
be pushed outward if the growth is sufficiently large, or below 
their free border, i.e., between them and the superior spine of 
the ilium. If the tumor, which grows downward and forward, 
is sufficiently below the ribs to bo palpated, it is usually found 
globular, or oval, smooth and tense, though elastic, to the touch. 
Fluctuation may also be elicited. In some cases it is immovable 
under palpation, though it may, at firsts follow the respiratory 
movements. Nor can it be grasped as is sometimes possible in 
Knal tumors; if small the tumor is movable eitiier upward or 
downward, but this mobilify gradually decreases os the tumor 
develops. The growth is sometimes sensitive under pressure. 

At firsts several years perhaps, the patient may appear 
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normal in every other rMpect, bo well nouririied, ruddy, etc. 
With comparative euddennesa, however, he begins to fail, losing 
flesh rapidly, all the other symptoms mentioned, to which 
dyspnoea and a sense of constriction about the chest is added, 
becoming more severe. If the cyst does not rupture, polyuria, 
hsematilria, and even slight bronzing may appear. It is probable, 
however, that this train of phenomena is witnessed only in a very 
small proportion of cases, rupture and heemorrhage, constituting 
the "adrenal hmmorrhago" in adults treated under the preceding 
heading, being the outcome in practically every instance. Here, 
however, the rupture is external, giving rise to peritoneal mani¬ 
festations—^if these have sufficient time to develop at all. 

Diagnosis. —^The symptomatology of adrenal cyst apart 
from the location of the tumor does not present, as just shown,' 
very characteristic features. The location of the pain sometimes 
suggests intercostal neuralgia; but, inasmuch as pain occurs 
only when the growth is large, percussion and palpation will 
reveal the presence of a tumor. In neuralgia the pain is also 
apt to be localized, thus distinguishing it from the radiating 
pain of adrenal cyst. The sudden onset of severe pain may be 
taken for acute pancreatitis. The location of pain and tender¬ 
ness in the upper left abdominal quadrant, the subnormal 
temperature, and the early lethal trend—death occurring some¬ 
times within three days—flearly point to the latter disease. 
Pancreatic cyst is also differentiated by its location and its assb^ 
ciation with glycosuria, stearrhoca, and imperfect digestion of 
fats and albuminoids. Hydatid cyst of the liver, another source 
of confusion, is attended by the presence of biliary pigments in 
the urine, the appearance of cysts in the stools and vomited 
matter, and with obstruction phenomena. Cancer of the spleen 
may be recognized by the more nodular outline of the growth 
and the cachectic phenomena. Hydatid cyst of tiie spleen is 
usually associated with hydatid cysts elsewhere and may be ac¬ 
companied by the presence of booklets in the excretions. Punb- 
ture of the growth should be carefully avoided when there is 
any suspicion whatever that an adrenal blood-cyst is present. 
Benal cysts are more easily palpated bimanually, and are usually 
freely movable. 

The sudden appearance of symptoms of severe internal 
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hemorrhage (the adrenal lucmorrliagic cyst having ruptured 
into the peritoneal cavity or the subperitoneal cellular tissue), 

the acute abdominal pain and other phenomena of collapse, 
etc., of adrenal hemorrhage with death within a few hours 
or days, may first reveal the existence of adrenal haiinatoiiia : but 
in most cases it develops sufficiently' to proiluco the pressure 
symptoms just described. 

PsooKOBis.—^The fact that adrenal hseniorrhagc is prac¬ 
tically always unilateral, and that the loss of one adrenal does 
not coinpromise life, as does removal of both organs, makes it 
possible to remove the growth with safety. The frequent 
instances of severe collapse and shock that have followed these 
operations suggest that the operative prognosis cannot but k* 
improved by resorting to those surgical procedures which will 
entail the least possible handling of the intraperitoncal organs 
and of the symjAthetic ganglia, all of which are well knou'u to 
produce shock readily by reflex action. 

Tbeatment.—^T he cyst may be removed through cither an 
abdominal or lumbar ineision. In accord with M’Cosh's advice, 
which a review of the operative’results recorded fully sustains, 
preference should be given to the lumbar incision. The ap¬ 
proach is more direct; it avoids tlie handling of the intraperi- 
toneal organs, which must necessarily take place if the tumor 
be reached through the abdominal incision, and it alTords the 
most direct route for drainage. In the average case, an oblique 
incision from behind downward and forward below the lost rib, 
which has been found most convenient for extirpation of the 
kidney and ureter, is as applicable here. If much space is 
needed it is safer to remove the last rib than, as some European 
surgeons have advised, to resort to the abdominal incision, which, 
as previously stated, entails considerable shock. The tumor is 
sometimes found so firmly adherent to the kidney that removal 
of this organ becomes necessary. 

HYPERNEPHROMA. 

This name has been given to tumors formerly coniudcred 
as lipomata, adenomata, or myxomata, but shown by Grawits, in 
1883, to be developed from adrenal tissue, either within the 
adrenals themselves or in the kidneys, the walls of blood-vessels. 
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or other structureB in which ‘^adrenal rests” (fragmento of mis¬ 
placed adrenal tissue) or "aberrant adrenals” occur. 

From my riewpoint, these so-called "adrenal rests”—^found 
in 90 per cent, of all autopsies by Bayard Holmes, at least once 
a week by Grawitz in his autopsies, etc.—are not misplaced 
fragments of adrenal tissue; they belong normally to the kidney 
and many other organs, even though composed usually of cor¬ 
tical adrenal tissue. I have submitted the view*** that what had 
heen termed the internal secretion of the kidney is a product 
which differs in no way from that of the adrenals, and*** that 
the kidney and the adrenals were governed by the same nervous 
structures, being thus closely linked functionally. Under the 
influence of centric impulses tlie so-called adrenal rests and the 
adrenals are both caused to increase their secretory activity and 
to enhance the intrinsic metabolism of the tissues they supply. 
Tn some instances "adrenal rests” arc composed of both cortical 
substance and chromaffin substance found in all sympathetic 
structures by Kohn, Wicscl,®** and others. 

Hypernephromas are relatively common in the kidney, con¬ 
stituting, as shown, by Albarran and Jouhert, 17 per cent, of all 
renal tumors; they are much less frequently found in the 
adrenals proper or in other organs, such as the uterus, ovar}', 
the broad ligament, etc. Microscopically, they present the typi¬ 
cal characters of the adrenal cortex and closely, as a rule, invest 
vascular channels. These vessels and adjacent tissues usually 
contain a colloid material similar to that found in the thyroid, 
or secreted by the adrenals. They arc benign at first and 
become troublesome—sometimes after many years—^mainly on 
account of their size, which sometimes reaches that of a child’s 
head, but the pressure they e.xcrt on surrounding structures, 
their tendency, even when benign, to metastasize in the lungs,' 
Irones, brain, give them their malignancy. 

Patiioobkebis axd Symptomatology. —Before the local 
symptoms of the tumor appear—when any are clearly discerni¬ 
ble—hypernephroma evokes phenomena which are diametrically 
opposed to those of Addison’s disease, and which correspond 
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with incretfod Butrition and stimulation of growth siudi as that 
prodnoed by thyroid preparations in cretinism. 

Tim qpmptoihatology Taries considerably in different cases 
and suggests tiiat several types exist which our present knowl* 
edge does not enable us to discriminate. Some of tlmse exhibit 
such malignancy that they have been grouped in a separate 
class. Beginning witii hypemephramaa of the adrenals proper, 
we may have:— 

Malignant Hypemaphromn of the Adrenals .—This growth 
occurs as a rule between the first and eighth year, especially in 
girls of the latter age, and causes premature development so 
marked in some instances that the child appears, as to size and 
development, twice or three times its true age. Owen Richards*** 
reported a case in a girl of 7 years, who Was as tall as a person 
at 20. The face, genitalia and pubis, and sometimes the whole' 
body are covered with an abundant growth of hair, the external 
genitalia being as fully developed as in the adult. Tho body is 
obese, the appetite and thirst excessive although gastric disorders, 
induding stubborn vomiting, are common. The skin may be 
swarthy or dark-hned as in a brunette, or coppery. Tho voice' 
is sometimes harsh and deep. Such children are usually cross 
and sullen, imlike obese children in whom the obesity is due 
to deficient fat ratabolism. These primary growths of the* 
adrenals, which are usually observed in girls, arc of slow develops* 
ment, and yrars usually elapse before metastasis and preraure 
phenomena—^those which, give the growth its malignancy— 
appear. ' 

The abnormal growth of the child may suggest gigantism 
or acromegaly due to some disorder of the pituitary body, but 
the characteristic growth of the extremities, the absence of 
obesity in these disorders do not occur in hypernephroma. 

To explain the abnormal growth, we need not go beyond 
my own view that the adrenal secretion underlying general 
oxidation, metabolism and nutrition, excessive functional activ-' 
ity of the 'adrenals engenders excessive nutrition and overgrowth. 
Rut how account for the malignancy of this form of growth? 
To answer this would brii^f us within the domain of pure 
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spocalation. It is preferable to limit ourselvea to clinical facts, 
pending future developments. 

Infants and young children are also subject to a form of 
primary malignant tumor of the adrenals, described by Hutchi¬ 
son, in which, even before the neoplasm, which grows with great 
rapidity, can be felt in the renal region, there appears a sponta¬ 
neous—sometimes traumatic—ecchymosis of one or both eyelids, 
soon followed by (usually unUateral) exophthalmos and metas¬ 
tasis in the skull, and often in other bones, especially the ribs. 
The preauricular lymph-nodes and those behind the angle of 
the jaw arc enlarged, and the whole temporal region eventually 
becomes the seat of a malignant growth. Pain in this location 
and optic neuritis with amblyopia may complicate the case. 
Death occurs early from anaemia and cachexia. Of the 14 
examples reported, 13 were due to sarcoma or lymphosarcoma 
of the adrenals. 

Diagnosis. —^Tumor of the orbit in infants and young diil- 
dren should, as emphasized by Tileston and Wolbach,*** arouse 
the suspicion of metastases from an adrenal growth. If an 
abdominal tumor be found it is almost certainly of adrenal 
origin, and tliis would be still further corroborated by enlarge¬ 
ment of tile preauricular glands, which renders the diagnosis of 
sarcoma of the orbit unlikely. Chloroma presents almost identi¬ 
cal growths, being associate with tumors of the orbit in two- 
thirds of the cases, witii exophthalmos usually as the first symp¬ 
tom, but this may be excluded in the absence of leuksemic changes 
in the blood. Myeloma may cause bony growths about the skull, 
but is exceedingly rare in childhood; the presence of the Bence- 
Jones body in the urine would render the diagnosis of myeloma 
certain, while its absence is not conclusive. Abdominal tumor 
associated with precocious maturity is practically certain to be of 
adrenal origin, if tumors of the ovaries or a retained testia can 
bo excluded. Garrow and Kennan**** observed a case in which 
there was a solitary metastasis in the spinal cord. 

Byperntphroma of the Kidney .—It is to renal growths 
developed from the so-called "adrenal rests” in the kidney, that 
Grawitz, in 1883, gave the name ‘‘hypernephroma.” They occur 
more frequently in the kidneys than elsewhere in the body, and 
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Gonititnte a large proportion of all renal tumors, i.e., 17 per 
ceni 

Hematuria is often the first and the most frequently 
obserred symptom of renal hypernephroma, having been noted 
in 90 per cent, of all cases. The hemorrhages arc usually severe 
and occur intermittently, weeks and even months elapsing be¬ 
tween them. Worm-like clota-^hus shaped during their passage 
through the ureters—are often passed. During the intervals tlie 
nrine is either clear or it may contain red corpuscles. The 
hematuria is inerrased by exercise and by manipulation of the 
region overlying the growths if the latter is sufficiently large 
to be felt It may be the only symptom of the growth or 
precede the detection of the latter by palpation as much as ten 
years.' As a rule, however, the tumor (which occurs in 80 per 
cent of all cases) is sufficiently large to be detected much earlier, 
and sometimes immediately after an attack of hicmaturia. It is 
lotmted in the loin, often on the right side and two or three 
finger-breadths below the costal margin. It is at first small— 
about half the sice of a walnut—and is movable in about one- 
half of the cases. As a nile, palpation causes no pain at first, 
though it may prove tender wlicn directly pressed upon. 

Dull pain in the lumbar region suggesting lumbago may 
be the initial symptom. This pain gradually increases and, after 
being centered in the region of the growth, with a sensation of 
weight, increasingly radiates in various directions, the back, the 
abdomen, and the testicles. It may come on suddenly and last 
three or four hours, then be followed by hicmaturia and frequent 
urination followed by a period of rest during which the urine 
is slightly albuminous. The nrine sometimes contains a few 
casts, oxalate of lime, and a few corpuscles. During this period 
of rest a certain stiftoess may be experienced on the side of the 
tumor. Varicoede is frequently observed in these cases, on the 
same side as the focus of pain; it may develop simultaneous 
with the latter and disappear when the patient assumes the 
recumbent position. 

While periodical haematnria, a tumor and pain in the loca¬ 
tions mentiemed are typical signs of renal hypernephroma, other 
phenomena may appear gradually as the morbid process advances. 
Most important among these are the metasta^, which occa- 
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uonally occnr as first signs of the disease. This is especially 
the <»se in bone metastasis, which may appear in the Tertebxe, 
the ribs and other long bones, the sktdl, scapula, eta, i.$., prac¬ 
tically any portion of the skeleton. MetastasiB may also occur 
in various viscera, particularly the lungs, the consolidation in 
the latter suggesting the corresponding stage of phthisis. 

The arteries may be thickened and show clearly defined 
signs of arteriosclerosis, quite in contrast sometimes , with the 
relative youth of the patient, and the blood-pressure be quite 
high. The skin is not bronssed in these cases, but yellowish and, 
sometimes, swarthy or smoky, this being replaced by pallor when 
the end is near. The temperature may be raised, but this rarely 
exceeds 1* or 2" F. 

An important feature in this connection is that bronsdng is 
a characteristic of insuffidency of the adrenals, as in Addison’s 
disease, whether due to degeneration, tuberculosis or malignant 
tumor of these organs or of their nerve supply. In hyperneph¬ 
roma, on the contrary, we. liave an addition of adrenal sub¬ 
stance to the circulation through the secretory activity of the 
adrenal rests, ns sliown by the familiar results of adrenal over¬ 
activity enumeratcil—^liigh blood-pressure and arteriosclerosis. 
The icterus or swarthiness hero is due, from my viewpoint, to the 
continuously high blood-pressure w'hich causes the cutaneous 
capillaries to become hypcrsemic and to expose an increased 
quantity of the adrenal principle—the component of melanin 
(we have seen in the early portion of this clmptcr that melanin 
is the adrenal principle) to oxidation. The stage of bronzing 
is not reached, because the pigment is not deposited in the cuta¬ 
neous tissues, as it is in Addison’s disease, but merely supplied 
to them in excess. 

The duration of the disease varies from fifteen weeks to 
eight years. The patient gradually loses flesh and grows weaker, 
all the symptoms become aggravated, haematuria becoming prom¬ 
inent and causing marked secondary anaemia; moderate 
of the lower limbs may appear mainly as a result of pressure 
on some large venous trunk,.and delirium sometimea precedes 
the terminal coma. 

Diaonosis. —^The pain in the region of the affected kidney, 
the luematuria accompanied by frequent urination, and the local-. 
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ized tumor are the chief dia^ostic points among those previously 
enumerated, but other features may serve to facilitate the diag¬ 
nosis. Qelli pointed out that fragments of the tumor, which 
is very friable and often dissociated during hteinorrhag^, could 
be found in. the clots passed with the urine. The cells preserve 
their characters and staining properties. As to diagn^is of the 
tumor itself after removal, Croftan found (1) that a watery 
extract of fresh hypernephroma, in keeping with adrenalin and 
adrenal extracts, provoked glycosuria when injccte<1 in tiio rabbit; 
(2) that a pure starch solution to which the u-atery extract of 
hypernephroma was added contained an appriHMable quantity of 
dextrose, and (3) tliat the watery extract also powsses the 
power to decolorize an iodine starch solution. These simple 
tests make it possible to differentiate hj'pernepbromata from 
other tumors of the kidney. This is important, since the post¬ 
operative prognosis of hypernephroma is much more favorable 
than that of any other malignant tumor of the kidney. A high 
blood-pressure tends greatly to insure tiie diagnosis. 

Various disordeni may be simulated by hypernephroma, 
prominent among which is urinary calculus. In this connection 
the pain is coincident with tlie ba?morrhagc, while in hyper¬ 
nephroma the pain continues after the latter, though greatly re¬ 
lieved. The vermicular and cylindrical shape of the clots in 
hypernephroma is also suggestive. Cystoscopic examination at 
this time often reveals these clots projecting from the ureter of 
the diseased kidney, whose tumor can also, in some instances, be 
discerned under X-ray examination. I’regnancy is sometimes 
suggested when the growth projects anteriorly, especially in view 
of the fact that amenorrhoea sometimes precedes the abdominal 
enlargement. 

Hypernephroma may be mistaken for enlarged spleen. 
The latter is usually nearer the surface and its mobility on 
inspiration more marked. It is located on the left side, whereas 
hypernephroma, in most instances, occurs on the right side. 
Catheterization of the ureters may serve to indicate, between 
the periods of hsematuria, which of the two kidneys is most im¬ 
paired functionally. The blood count affords little if any 
information, any diminution of red corpuscles—sometimes to 
sn extreme d^;ree—^being readily accounted for by haunaturia. 
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Moderate leucocytoeie occun in some caacs,' bnt not with euffi* 
cient frequency to give this sign any diagnoatic importance. 

In some cases the symptoms and physical signs other than 
luematuria afford but little help to establish the identity of the 
tumor, either anteriorly or posteriorly. In that case, the absence 
of pregnancy being clearly establidied, an exploratory incision 
followed immediately, if hypernephroma be present^ by its 
radical removal, is indicated. 

PatuoIiOot. —^Hypernephroma is usually located in the 
upper pole of the kidney, immediately, therefore, under the 
adrenals. When found early in life at autopsies it may be no 
larger than a lentil or even smaller, but it may attain the size of 
a child’s head, growing outwardly or, in some cases, inwardly 
at the expense of the renal tissues. These growths reproduce 
more or less perfectly the adrenal tissue, the smaller growths 
being made up, as a rule, of the cortex, and the larger of both 
the cortical and the medullary substance. They are firm when 
small, but when they attain a certain size their tendency is to 
become lobulated, the projecting masses becoming softer and 
cyBt*like. They ore lob^ated owing to the fibrous bands derived 
from the renal capsule, and the lobules when opened may be 
yellowish, grayish red, or brown or bladcish, and contain hsemor* 
rhagic areas—^the source of the blood which causes baematuriai 

The larger growths are those which tend to become malig¬ 
nant and to produce metastaaes. These occur through the blood¬ 
vessels, both the arteries and veina; tlie bones and lungs, as 
previously stated, are the structures most frequently in'raded, 
though, occasionally, extension occurs by the lymphatics, indud- 
ing the retroperitoneal glands. 

Microscopically, they usually show a scanty stroma composed 
of vascularized connective tissue in columns and a parenchyma 
formed of endothelial polygonal or columnar, translucent nu¬ 
cleated cdls which differ entirely from those of the renal 
epithelium. The cytoplasm is granular and contains, besides 
detritus and giant-cells, numerous fat-laden vacuoles. It is the 
presence of considerable fat thus disposed which first caused 
these tumors to be regarded as lipomata. The fat contains 
lecithin. Qlycogen is also present; sometimes in relativdy large 
quantities. 
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Fbookobu. —^As a role, hypeniephromata gram slovly at 
fin^ montiia and even yean dajMing before they metaataaize or 
show other aigna of malignanqr. They may then progreaa very 
rapidly and, the haematuria becoming continuoua, death occura 
from ezhanation. 

Wlan the growth is thoronghly removed before thia atage 
of malignancy is reached, it ahowa no tendency to recur. 

Tbbatubnt.!— An exploratory inciaion ia warranted, aa 
previoualy atated, when an abnormal growth in the abdomen or 
in the region of the kidney occura coincidently witli htemor* 
rhage, even when other aymptoma of hypernephroma are not 
preaent The majority of authoritiea conaider thia procedure 
adviaable, even wW haemorrhage into the bladder cannot be 
accounted for. In some casea diacomfort or tenaion over one 
kidney, and deqi comparative palpation on both aidea may ang* 
geat whidi side should be explor^ first, but if thia unilateral 
examination fails to indicate the presence of a growth explora- 
ti<Hi of the other kidney is justi^ble. In some instances, the 
organ is merely enlarged, especially toward the upper pole, or at 
the hilnm. Bemoval of the growth may be p^ormed extea- 
peritoneaUy throng^ a lumbar incisiem. The fatty capsule 
should, according to Eusmik, be removed along with the growth, • 
as it may be infiltrated and thus lead to recurrence. 

CANCER OF THE AORENAIH. 

Primary malignant tumors of the adrenals are generally 
ngarded as rare, but it is probable that when the symptoma> 
tology of these growths will be known by the profession at large 
instead of, as at present, by very few of its members many 
deaths now attributed to Addiaon^s disease in adults and to 
asthenic disorders in children will be found to be due to this 
cleas of grovrths. Addison, in fact, included these neoplasms 
arncmg the etiological factors of the disease which bears his 
name, but it is now plain that the two syndromes differ in many 
i^pecta, and that the treatments indicated—'medical in the one, 
nnd surgical in the otiier—unpose the need of recognising 
malignant neoplasms of the adrenals as distinct morbid entities. 

VABiBnas.—Primary malignant tumors of the adrenals are 
of the various fenrms of tareoma those most frequently met with 
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and iwliidi in the majority of instances, in infancy, child¬ 
hood, and adolescence; cardnoma which occurs, as a rule; in 
adults or aged subjects. Among the rarer varieties may be 
mentioned the malignant hypernephroma and a class of tumors 
termed by Pruddcn haemorrhagic adenoma, i.e., the growths 
reviewed under the preceding heading. They appear much 
earlier in females than in males. 

While .24 cases of malignant growths collected by Bolleston 
and Marks included IS of sarcoma and 9 of carcinoma, 67 col¬ 
lected by Ramsay included 30 of sarcoma and 37 of carcinoma. 
This tends to suggest that the two forms occur about evenly. 

SYiirroMS.—^As a rule, the general phenomena develop 
insidiously, the adrenal lesion being well advanced when they 
begin to appear. The strength wanes more or less rapidly; the 
weight gradually decreases; the pulse and cardiac action become 
increasingly weaker and more rapid; the temperature shows 
exacerbation of a couple of degrees at times, but the advanced 
cases are usually subnormal; the appetite decreases; digestive dis¬ 
turbances, such as nausea, vomiting, flatulence, and diarrhoea, 
axe commonly observed. Anmmia is sometimes manifest, the 
hsemoglohin being often reduced to 50 per cent., and the red 
corpuscles to 3,000,000 or less. Cough, with bronchial rftles, 
localized dullness, and luemoptysis, are occasional complications, 
while dyspnoea and increase of the number of respirations are 
apt to occur in advanced cases. The skin may remain normal, 
but yariouB degrees of pigmentation, ranging from slight icterus 
to actual bronzing, are observed in the majority of cases. The 
typical facies may alone be present in cases of primary 
carcinoma. 

This symptomatology is based on an analysis of 60 reported 
cases of primary malignant tumors of the adrenals. The 
phenomena are clearly explained by the functions I attribute to 
the adrenals. ■ Being the purveyors of the secretion which—as 
the albuminous constituent of hsmoglobin—sustains oxygena* 
tion and metabolism and therefore nutrition, increasing emacia¬ 
tion, weakness, hypothermia, the decrease of luemoglobin, etc., 
are but normal results, all the other phenoma being secondary 
thereto. The cases in which no pigmentation of the skin occurs 
91 ? usuaUy -those in which but one adrenal is involved. 
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All these phenomena are seldom witnessed in a single case. 
As a rule, after a period of progressive emaciation and adynamia, 
a tumor can be detected by palpation posteriorly below tlie 
costal margin, close to the vertebral column. The mass at first 
follows the respiratory movements and recedes under pressure, 
but it eventually becomes fixed and Immovable. In some cases, 
especially in infants, the tumor cannot be detected in tliis 
manner, but the abdomen gradually enlarges with n steady in¬ 
crease of the line of dullness, though jKirhaps no other symptom 
be discernible. When the outline of the growth can he clearly 
followed with the fingers, its border is not nodular as in hepatic 
cancer, but smooth. 

Pain is sometimes compluned of; it may be located in the 
region of the tumor; or, radiating upward or across tl>e back, it 
may extend to the shoulders. The pain has been attribute*! to 
the phrenic nerve, but a clearer explanation is the efTi*ct of the 
traction by the tumor, upon the sympathetic ganglia an«l through 
the greater splanchnic, upon the sympatlietic chain, which is 
merged in with the mass of nerves, including the brachial plexus, 
in the tissues of the shoulders. 

Pressure symptoms are apt to complicate a case of long 
duration. Ascites, general oedema, or oedema of the ankles or 
legs are commonly observed in such cases, due notably in most 
instances to pressure upon tlie inferior vena cava, (langrcne of 
tile feet has also been observed. In carcinoma, metastasis is 
most common in the liver and lungs; in sarcoma it is not quite 
as frequent and occurs in most cases in the liver and kidney. 

Death may occur suddenly, preceded by very few of the 
above symptoms, especially the sarcomata of infanta. In the 
majority, however, especially in adults, the morbid symptoms 
gradually develop and the asthenia increases until unconscious¬ 
ness, labored breathing, and coma terminate in death. 

Infants may also suffer from a congenital type of adrenal 
tumor which simultaneously invades tl»e liver. It is encountcrcil 
as a congenital tumor, during the first weeks of life. The ab¬ 
domen becomes incTMsingly distended; there is moderate ^acia- 
tion, but no jaundice, pigmentation, ascites, or even pain, the 
child nursing almost up to the time of death. William Pepper 

Abmt. Jomr. Uti. Sd., ll«r., UOL 



140 roNcnoNt AMD Dinuaw or tbm adbinaij. 

deacribed a wriw of 6 cases, i n d ii d iiig a personal case, duywing 
that congenital sarcoma of the adrenals and liver constitates a 
special type of malignant disease with its own peculiar s^ptoms 
and pathological findings: Swelling of the abdomen occurred 
within a period ranging from birth to five weeks, thus indicating 
the congenital nature. The infants lived from one to sixteen 
weeks, thus showing great malignancy. The increase of growth 
could be discerned from day to day, thus illustrating rapid 
development. All were females. The entire normal liver strao* 
ture was practically destroyed in all. The suprarenal growth 
exhibited the peculiarity of being very hsemolrhagic. No other 
part of the body was involved by the new growth. 

Diaonosis. —The diagnosis of malignant tumor is not diffi¬ 
cult when the tumor is sufficiently large to be discovered by 
palpation, especially when panesthesia over the kidneys. This 
and the asthenic phenomena point clearly to the adrenals, 
especially if jaundice or any pigmentation of the skin be present. 
Unfortunately the morbid process is far advanced as a rule when 
these signs appear. The tumor has been mistaken for psoitis 
and abscess and phrenic abscess. From hepatic cancer it differs 
in that the surface of the tumor is smooth instead of lobulated. 
Of course the possibility of metastasis in the liver, its most fre¬ 
quent seat, must be borne in mind. Hydatid cyst may be sug¬ 
gested, but the absence of the hydatid thrill and other ^ical 
symptoms will avoid error. A projecting and enlarged gall¬ 
bladder is sometimes simulated by an adrenal tumor capable of 
displacing the intestines anteriorly; but the latter are much less 
tense than such a gall-bladder. Abdominal aneurism may be 
suggested, but the absence of aneurismal bruit and the absence 
of all other signs of adrenal growth elimiiiate this source of 
error. In renal cancer or renal hypernephroma, hiematnria and 
other evidences of renal disorder are usually present, while they 
an mon likely to be absent in malignant growths of the adrenalsC 
Pain occurs earlier than in renal tumors, while febrile disturb¬ 
ance is rare in the latter. 

Two symptoms, according to Israd,*** point to involvement 
of the suprarenal gland: (a) Paroxysms of pain and parwoUie- 
siaa in the absence of a palpiible tumor, and (b) a febrile eonxae. 
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The ptinfdl, pannTnns in renal as well as suprarenal tumors 
are due to the .extension of the neoplasm to the roots of the 
lumbar plexus. In suprarenal tumors this may occur quite 
early owing to the immediate vicinity of these structures. On 
the other hand, in renal tumors the invasion of the capsule 
usually takes place at a late period when the growth has reached 
Eo cmuiderable a sixe as to become palpable. Tlie fact that fever 
occurs in casM of suprarenal tumors luis hitherto l)ecn unknown. 
Israel observed it in 57 per cent, of his cases, while in renal 
tumors it was present only in 1 to 2 per cent. 

Another apparently characteristic fact in diiTerentiating 
from renal tumor is that the adrenal growtii tends to approach 
more nearly the median line (in the region from the seventh to 
the ninth costal cartilages), while the primary tumor of the 
kidney appears first in the region from the ninth to the eleventh. 
Tumor of the adrenal at the time of its presentation beneath the 
margin of the ribs appears broader than does that of tumor of 
the kidney, and the lower contour of the tumor of tlie adrenal 
is much less rounded than is that of the kidney. 

The emphasis laid by Israel on the presence of fever in 
adrenal malignant neoplasms affords striking proof of the cor¬ 
rectness of my contention, urged ever since 1903, that the 
adrenals, through the rdle of their secretion in oxidation and 
metabolism, were the active organs in fever—a process which 
pathologists have failed to explain. 

Leucocythemia is sometimes simulated; but the absence of 
myelocytes and other characteristics soon eliminate this disease. 

Erahymosis of the orbit of unaccountable origin in infants 
and young children or tumor of the orbit should cause careful 
search for manifestaiiona of malignant tumors of the adrenals, 
as previoudy stated. 

Tbx&tmswt. —^Bmnoval is the only resource, but as a rule 
the result is unaatisfactoiy owing to the fact that the presence 
of the growth is recognised only through metastasis; or when it 
has developed to a marked extent, and produced either through 
metastaaia, preasure, etc., disorders in other parts of the organmn 
which cannot be reached. 

Cases in which the tumor invdves one adrenal only, as sng« 
S^*ted by tile absence of symptnns of adrenal insnfficiemy, 
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marked asthenia, emaciation, hypothermia, etc., and the presence 
of a tumor and hyperaesthesia on one side only, offer a better 
chance of success, since they indicate that the other adrenal will 
probably be able to subserve alone the needs of the organism. 
The chief difficulty encountered in the course of the operation 
is a marked tendency to haemorrhage owing to the friability of 
the morbid tissues. 



CHAPTBH III. 


THE THYROPABATHYHOID APPAHATUS IN GEN¬ 
ERAL OXIDATION AND IMMUNITY. 

Wx can no longer speaJc of the thyroid gland as a functional 
entity. The two external parathyroid glandules, discovered in 
1880 by a Swedish physician, Sandstrom, and the two internal 
parathyroid glandules, discovered by Nicolas/ of Nancy, in 
1893, and independently by Kohn,* of Prague, in IBO.*), intro¬ 
duced a new era in our conception of this organ. Foreign 
investigators, therefore, tend increasingly to adopt the tenn 
*‘thyroparathyroid apparatus” owing mainly to the anatomical 
relationship between the glandules and the thyroid vessels, with 
which their own circulation is directly connected. We shall see, 
however, that many physiological facts, the first of which were 
pointed out by Gley, of Paris, in 1893, and clinical observations 
warrant the use of tliis compound term. 


PREVAILING VIEWS AS TO THE FUNCTIONS OF THE 
THYROID AND PARATHYROIDS. 


In 1859, Shiff, of Geneva, found experimentally that re¬ 
moval of the thyroid gland in the dog caused violent nervous 
disorders and death. Two surgeons of the same city, the 
brothers J. L. and A. Reverdin, tlien pointed out (1882) that 
in certain goitrous 'subjects, and after the complete removal 
of goiter in otherwise normal subjects, there also appeared 
marked trophic and nervous disturbances. This was confirmed 
the following year by another -Swiss surgeon, Kocher. The 
principal postoperative phenomena noted were: marked wcaknesa 
«nd fatigu;^ a sensation of cold, pallor, muscular stiffness, and 
pains; oedematous thickening and pallor, hardness and dryness 
of the akin, the normal folds being more or less effaced, and loss 
of hair. The wmin nervoua and mental phenomena were: tetany, 
sometimes attaining the violence of true tetanus and passing into 
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clonic convnlBions. The intelligence was also diminished, with 
slow intellection and eanndation as characteristic featnres. 
Paroxysms of suffocation, rertigo, qmcope occurred, followed by 
death within a period yarying from four to nine days in the 
vast majority of cases, the fatal ending being sometimes delayed 
two or three weeks beyond this period. 

The brothers Beverdin termed this condition postoperaOve 
tnyxmdema, while Kocher called it cachexia etrutnipriva. The 
term myxadema had already been attributed (1877) by Ord to 
the, now familiar, disease of which thyroid insuflkiency is the 
predominating pathogenic factor, and which Sir William Gull 
had, in 1873, called "a cretinoid change.*’ 

The same phenomena were observed in the monkey by 
Horsley, in 1885. This observer and many others also found 
that the symptoms were most severe in carnivorous animals; 
somewhat less so in man and in the monkey; still less so^in 
ruminants and undulates, and that they failed to occur in birds 
and rodents. But these experimental dissimilarities were to a 
great extent obliterated by the subsequent e.xperiments of Gley, 
de Quervain, Hofmeister, Edmunds, and others, which show^ 
that the variations depended mainly upon the anatomical rela* 
tionship of the parathyroids and the thyroid. Thus Gley, of 
Paris, found, in 1893, that in the rabbit two of the four para¬ 
thyroids were situated bdow the thyroid and were, therefore, 
not removed with the thyroid; while in the dog, all four panip 
' thyroids are so imbedded in the latter that it is only with great 
’ care that they can be left in eitu. 

Gley discovered another important fact: he showed that, 
while removal of the thyroid alone does not necessarily cause 
death, it was the removal of the four parathyroids which caused 
the nervous phenomena and the fatal ending. These obserm- 
tions have been sustained by many investigators, who have 
gradually accounted for many phenomena attributable to each 
organ, as will be shown in the following pages. 

Removal of the thyroid only, produces morbid phenomena 
the severity of which depends upon the age of the animal; the 
younger the animal, the greater are the morbid effects witnessed, 
though life itself is not necessarily endangered. The animal 
fails to grow. The bones and ^physial jeartiUges fdl to 
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develop, ibe ikiill alone escaping; the abdomen piojeeti and 
beoomea larger, thoogh relatively flabby. The testidea remain 
unall and may fail to descend; the ovaries are also, as a rule, 
atrq)hied. 

Sterility due to the non>formation of semen has been noted. 
Pr^inant rabbits abort; hens.produce \ery small eggs or none 
ttt aU. The animal is apathetic, indifferent, dirty, awkward and 
apparently devoid of intelligence, and quite recalls the human 
cretin. The skin is rough, coarse, and squamous, being, in some, 
considerably creased, as in the aged, and, in others, swollen, hard, 
and resistant, as in myzoedema. The hair becomes coarse mid 
shaggy, losing all luster, and tends to grow iri^larly and fall. 
The temperature, normal at first, steadily decreases until death, 
the respiratory exchanges and oxidation being diminished, the 
nitrogen excretion likewise showing, clearly, inhibited metab¬ 
olism. Anaemia, with reduction of the red corpuscles, is 
marked. Paralysis and convulsions may appear, but, as a rule, 
the animal dies cachectic after a prolonged period, the develop¬ 
ment of the trophic disorders being slow—two or three months 
in the most rapid cases— i.e., the youngest, according to 
Jeandelize. 

As observed by Charrin, and as will be shown later in this 
chapter, removal of the thyroid reduces the resistance to infec¬ 
tions, and also, according to Lindemann, to intoxications. In 
man the postoperative phenomena, t.e.. cachexia struuiipriva, 
rarely appears before three or four months and occasionally 
after a year. The same vulnerability to infections is also promi¬ 
nent and the sufferers are often carried away by an intercurrent 
infectimi, especially tuberculosis and pneumonia. 

In full-grown subjects no marked physical changes occur, 
but nutritimi is nevertheless impaired, emaciation, anaemia, 
<^<>Aneneas of the Ain, Mling of hair, hypothermia, and other 
manifestatioiia of myxoedema manifesting themselves. These 
phaomena aft aggravated by pregnancy and lactation,* repeated 
pregnancy and prolonged lactation having in fact been found by 
Morvan to favor the development of myxeedema irrespective of 
thyroidectmny. 

On the whol^ ramoval of the thyroid gland alone gives rise 
iu the jemgi 1, to anested growth eqweially maikad. in the 
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skeletal bones and eexnal organa; 2, to myzo^emtoiie tiiicken* 
ing of the akin; and 3, to a low grade of intelligenoe with 
general apathy—as main morbid phenomena, constituting the 
syndromes recognized under the term cretinism; while ih the 
full grown it causes the condition known as myxoedema. 

Removal of the Parathifroide Only .—^Bemoval of the thyroid 
and parathyroids causes early death, .while removal of tlie 
thyroid alone, we have just seen, is followed by a prolonged 
postoperative life. It is to the removal of these diminutive 
organs, in fac^ that all the nervous phenomena- must be 
ascribed. Even when the tliyroid is left tn mlu, and the four 
parathyroids are removed, we witness a typical syndrome: 
The predominant future of the syndrome is the tendency to 
'spasm and oonvulsioiu which may range from tetany to violent 
tetanic or epileptic paroxysms, with foaming at the mouth, 
during which the subject may die, owing to spastic immobiliza¬ 
tion of the thoracic muscles. Fibrillary tremors, tetanic and 
choreic movements, sufficiently violent in some cases to throw 
the patient to the floor are also observed. As in strychnine 
poisoning, the least contact evokes contractures and convulsions. 
Marked dyspnoea, the dominant s}rmptom in rabbits, and 
paroxysms of suffocation occur both during and after the latter. 
The respirations are greatly accelerated, 100 to 200 times a 
minute in animals. Although the temperature rises during the 
convulsive paroxysms, it goes down considerably during the 
intervals, both tlje external and internal temperature being 4* C. 
or more below normal and gradually receding as death ap¬ 
proaches. Oxygenation is deficient; the blood contains less 
oxygen; the red corpuscles are reduced, though the polynuclear 
leucocytes are increased; cyanosis is clearly shown in tiie 
raeator*8 comb and in the monkey. The pulse, slowed during 
tile intervals, becomes extramely rapid and tumultuous during 
the convulsions. Involvement of the alimentary canal is shown 
by ptyalism, foetid breath, anorexia, the animal being also liable 
. to spasm of the masseten when he attempts to take food, maricj^ 
thirst, bilious anft mucous vomiting, foetid diarrhoeal and bloody 
s^la Although the animal appsttrs weak, somnolent, and bir 
different to its surrinmdinjg^ as a rb1^*it ia sometimea terror- 
stricken and agitated, and ttenia torsuffer.. Pruritus is an evideni 
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symptom. The upine is greatly reduced and abftomially toxic, 
especially daring the convulsive and dyspnoeic paroxysms; it is 
also markedly spasmogenic whm injected into anoUier animal. 
Albumin and glucose are often present; indickn likewise; the 
chlorides and the potassium salts are present in excess; Uie pig¬ 
ments and biliary salts likewise, though their ratio tends grad¬ 
ually to lessen. Urea and phosphates are diminished. 

These morbid effects usually Itcgin about twenty-four hours 
after removal of all the parathyroids. In dogs, a single }iara- 
thyroid of the four suffices in most instances to carry on their 
functions, but even two of them will fail to do so in some 
animals, removal of the other pair being followed by tetany. 
Death usually occurs in from tlirec to live days after removal 
of all four organs; though, rarely, it does not occur until much 
later, forty-live days in some instances. The possibility of sup¬ 
plementary organs is, of course, not to be overlooked under 
such circumstances. As many as six parathyroids have been 
found at autopsies. Auerbach^ recently found live in an infant, 
but only two in 5, and but one in 8. These 13 children all 
showed a tendency to spasm. 

Dual Function Theory .—Gley having sliowii the vast im¬ 
portance of the parathyroids, he concluded tliat their purpose 
was to supplement the function of tlie thyroid. The fact that 
the parathyroids became atrophied on removal of the latter 
seemed fully to sustain this view. Additional proof was seem¬ 
ingly afforded by the continuation of life for some time after the 
same procedure, the parathyroids being thus shown capable of 
carrying on the functions of the thyroid independently. 

Contrary to this conclusion, however, was the fact, noted 
by Houssu and verified by Gley and also Nicolas, that the para- 
thyrCids, whidi became hypertrojAied after removal of the 
thyroid, never aiwiinipii the histological structure of the latter, 
but retained their own. Moreover, as emphasized by Monssu, in 
1893, experimental evidence pointed to the presence of two 
functions. This view was sustained by the discovery of two 
investigators, Nicolas and Kohn, working independently, of the 
two additional parathyroids, two only having been described by 
Inndstrihn, as previously stated. These two glands sufficed to 
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mointjiin life'after the thyrdd and parathyroid bad been n* 
moved. Yaasale and Generali now obtained in ,the dog the 
complete effects of removal of the whole thyroid apparatna by 
extirpating only the four paratbyroids^ a nsnlt confirmed in 
the rabbit by Bouxean. Monesn then showed that extirpation of 
the thyroid alone was practically harmless in adnlt animals, bat 
that in very young animals it was followed by experimental 
cretinism, while removal of the parathyroids gave rise to the 
nervous phenomena described in all animals, excepting,- perhaps, 
.the ox and horse. 

On the whole, the prevailing view is that the parathyroids 
are functionally independent of the thyroid. We shdl see, how¬ 
ever, that many facts militate against this conclusion. 

EffecU of the Intemql Secretion of the Thyroid .—Various 
theories as to the manner in which the thyroid carries on its 
functions have been vouchsafed, but all have succumbed to the 
view that the organ secretes some substance which finds its way 
into the blood, Le., that it produces an internal secretion. This 
was suggested a century ago by the experimental work of King, 
of London, who found that the colloid substance of the gland 
passed into the lymphatics, an observation confirmed by Hurthle, 
Baber, Sir Victor Horsley, and others. 

That the organ is a secreting one is shown by the fact that 
it can be transplanted or grafted from its normal site to other 
parts of the body. Grafting was first successfully performed by 
Schiff, and repeated by many other investigators, including von 
Eiselberg, but notably by Cbristiani, of Geneva, Very uncertain 
at first, the method was, however, so perfected by the latter 
experiments that success now attends every operation. It consists 
in inserting not a whole lobe, as had been previously practised, 
but small fragments. After a time there is produced in etiu a 
nest, as it rere, of typical thyroid tissue capable of carrying on 
the functions of the original gland. Moreover, this tissue seems 
capable of doing by means of its secretion what the thyroid 
tissue proper cannot do, vis., to protect the animal against tetany. 
Louis Mord** recommends intraperitoneal, intrasplenic and in> 
traosseous grafts as the most satisfactory. 

Again, extracts of the g^d, the gland itself, -is its nw 
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state or dedocated, antagoniie the morbid eflfects of thyroidec¬ 
tomy. This was first shown by Vassale, who found that the 
intrarenons injection of aqueous extract of thyroid controlled 
temporarily these phenmnena. This experiment was the start¬ 
ing point of Murray’s memorable introduction of the use of 
thyroid preparations in myxcedema in all its fomrs. In toxic 
doses, thyroid extract was found by Ewald, Fenwick, Haskovec, 
and many others to cause: rapid emaciation, marked vasodila¬ 
tion, a rapid pulse, diuresis, acceleration of the lymphatic cir¬ 
culation, hypothermia, polypncea, polyphagia, polydipsia, glyco¬ 
suria, excessive excretion of nitrogenous wastes, soon followed 
by extreme depression, anorexia, vomiting, loss of reflexes, 
paralyses, convulsions, and death—all phenomena which may 
be evoked in man by injudicious thyroid medication. 

A feature worth retaining, in view of conclusions to be 
submitted later, is that many observers, including Treupel, Onl, 
and Ver Ecke, have laid stress upon the correlation of the 
thyroid functions with general nutrition. Not only is there 
increased elimination of nitrogenous and other tissue wastes, 
but, as emphasized by Magnus-L4vy, the respiratory exchanges, 
including, of course, the intake of o.xygen, are greatly increased. 
Moreover, Vassale and Generali* advanced the view, ({uite com¬ 
patible with all these biochemical observations and with the 
known effects of the thyroid extracts in cretinism and myx- 
oedema, that the thyroid secretion served to activate metabolic 
processes both in the cutaneous tissues and in the organism at 
large. 

Effech of the Internal Secretion of the Parathyroide ,— 
Kemoval of these organs being followed by spasm and convul¬ 
sions, the normal conclusion at once suggested itself tliat their 
purpose was to destroy spasmogenic poisons produced within the 
body. Indeed, the blood of doga subjected to parathyroidectomy 
was found by Kogowitsch and others to be toxic and to cause con¬ 
vulsions in normal anim als , while Laulani4 and others found 
the urine also toxic. The liver, according to Morel and Rathery,' 
■hows acidoaiB dagenmnation, while Morel** and Werelius** foq^ 
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that parathyroidectomy eahancea tlie liability of pregnant animals 
to autotoxic convulsions. 

The injection of parathyroid extract was found to antagonize 
the convulsive disorders caused by the extirpation of all para¬ 
thyroids by Moussu and other observers, but the beneficial effects 
lasted a short time only, tlie animals dying neverthelras. As 
shown by Vassalc, the same beneficial effects are obtained by the 
injection of thyroid extract. Transfusion of a normal dog’s blood 
to that of one deprived of its thyroid and parathyroids was alsb 
shown by Fano and Zanda to paliiate considerably the convulsive 
phenomena. Still, the fact that parathyroid extoact arrests the 
latter temporarily has generally been accepted as proof that the 
liarathyroids contribute independently of the thyroid some anti¬ 
toxic substance to the blood. 

Of experimental and clinical interest in this connection, 
however, are the observations of Macallum and Yoegtlin,”*’ and 
Ifacallum,*^ that calcium salts given by the mouth or hypoder¬ 
mically inliibit tlie tetany due to removal of the parathyroids, 
both in man and in lower animals, apparently restoring them 
completely. This suggests that it is by infiuencing in some way 
calcium metalmlism that the parathyroid secretion produces ito 
antitoxic effects. 


OBSCURE FEATURES OP THE THYROPARATHYROID PROBLEM. 

As the foregoing review of tlie status of the question indi¬ 
cates, much valuable work has been contributed toward its 
eluddation. Yet if we ask what the functions of the thyroid 
and parathyroids are in the economy, it must be admitted that 
none of the data or conclusions available answer the question. 
Growth and mental development are prevented by urrest, either 
through organic inliibition of the functions of the thyroid dr 
through removal of this organ. What functimi does it <»rry on 
that enables it to influence so fundamentally the welfare of the 
entire organism? Yassale’s view that the thyroid secretion 
servm to hasten tissue metabolism is a self-evident condusion 
sustained by the qrmptomatology of and the nse of thyroid 
preparations in myzeedema and cretinism, but it does not tdi 
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U0 how it fulfills this function, i.e., what its secretion does to 
incite and sustain it 

In the preceding chapter, I filled the corresponding gap in 
respect to the adrenals by tracing the adrenal secretion to the 
pulmonary alveoli, and showed Uiat it was converted into adre- 
noxidase in this location, and that it served, thmiigh the inter¬ 
mediary of the red corpuscles, to sustain oxi«lation, metaholisni, 
and nutrition. What is the corresponding itinerary of the 
thyroid secretion? Accepting the prevailing and irrefutable 
view that the latter does sustain metabolism, what is the func¬ 
tional relationship between the thyroid and the adrenals? 
Again, we find that removal of the thyroid, as does that of the 
adrenals, predisposes greatly to infection. In virtue of what 
property does the thyroid secretion contribute to the protection 
of the body against infectious diseases? These and many other 
questions have not as yet been answered. 

The field of the parathyroids is at Iea8t<ia8 replete with 
obscure factors. The same lack of knowledge concerning tl>e 
itinerary of their secretion, its relationship with the blood, and 
the actual rdle it fulfills prevails. The salient postoperative 
effects being convulsive disorders of various types, we are again 
brought to the necessity of attributing to these organs a very 
active {larticipation in the autoprotective resources of the body, 
the poisons antagonized being no longer toxins, but, apparently 
at least, toxic products of metabolism, i.e., spasmogenic inter¬ 
mediate wastes. Here, again, we find ourselves confronted with 
an active sway over metabolism or, better perhaps, catabolism. 
Indeed, the importance of this attribute is of major importance 
in the practical field. As Parhon and Golstein* write: “(’erlain 
pathological states, such as pregnancy, parturition, lactation, 
certain disorders of the female genital apparatus, certain dis- 
cMes of the thyroid, can facilitate the appearance of tetany, 
which under these conditions is probably of parathyroid origin.” 
As to the present status of the question, the same authors con¬ 
clude (1909) *Hhat the intimate mechanism of the production of 
parathyroid tetany—-as well as other forms of tetany—^has not 
*s yet been einddated. The data we possess for tlie time being 
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cannot but indicate the path that reaearchea atill neceaaaiy ahould 
follow to aolve the quastion ” 

THE THYKOPARATHYBOID SECRETION AS AN OXIDATION 
ACTIVATOR THROUGH ITS ACTION ON CELLULAR 
PHOSPHORUS. 

Verwom/ referring to Max Hchultze’s obaervation that the 
phosphogenic cella of lightning buga abaorb oxygen actively, 
quotea approvingly Pfliiger’a atatemcnt concerning thia process: 
“Here, in the wonderful spectacle of animal phosphorescence, 
nature has given us an example that ahows where the taper 
bums that we call life.” If, on tlie other hand, we recall 
HutchisonV remark: ‘‘Briefly then, it may be said that the 
effect of the administration of the thyroid is to increase oxida¬ 
tion in the body; it makes tissues, as it were, more inflammable, 
BO that they bum away more rapidly” and also the fact that 
iodine when brought into contact with phosphoms causes igni¬ 
tion of the latter, the meaning of the above heading will be 
apprehended. Briefly, from my viewpoint, the iodine in organic 
combination which the thyrojtamthyroid secretion contains 
renders the phosphorus of all tissue cells, and particularly their 
nwdei, more prone to undergo oxidation by the adrenoxidase of 
the-blood. Hence the great influence of the thyroid gland on 
oxidation, on the vital process itself, on development, physical 
and mental, as is well shown by the results of thyroid prepara¬ 
tions in cretinism and other kindred disorders. 

In the earlier editions of the present work, I advanced the 
view that it was in part through the adrenals that the thyroid 
secretion pro<luccd its effects, and that, conversely, “cachexia 
stramipriva,” i.r., the myxonlema which follow's removal of .the 
thyroid, was “partly a consequence of adrenal insufficiency.” 
This view, which makes oxidation the common aim of two sets 
of organs, suggests itself when the effects of extirpation of tlie 
thyroid are compared with those following removal of the 
adrenals. Both pwtoperative syndromes include central and 
peripheral hypothermia, lowering of the blood-pressure, dyspnoea, 
C]ranoeie, accelerated respiration, weakness and increased rapidity 
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of the heartbeat and pulse, muscular weakness, mental torpor, 
melancholia, muscular rigidity, convulsions, coma, and death; 
even bronzing is sometimes witnessed in the advanced stages of 
myxoedema. Conversely, the effects of thyroid pr(.>|)aralions 
strikingly recall those awakened by tlie adrenal secretion. 
Beebe,* for example, while acknowledging that it is not known 
“on what tissue or set of tissues the thyroid seen'iion acts.** 
states: “We know that it is connecte<l in some way with the 
function of oxidation in the hotly. By the jidministration of 
tliyroid to a cretin or a patient with myxoilema, it is possil>)e 
to increase the absorption of oxygen from ‘itt to 7r» [ht cent. 
There is a corresponding increase in the amount of heat given off 
from the body. The removal of the thyrohl in an animal will 
cause diminution in the absorption of oxygen, which may Im? 
again increased by thyroid feeding. Administration t>f thyniiil 
to a normal animal will cause an increase of from 10 to -lO |H*r 
cent, in the oxygen demand.” 

All this naturally suggests a mutual stimulation lK‘twci*n 
the thyroparathyroid apparatus and the adrenals. In l!>o:i, I 
advanccil the view that the thyroid scendion dinvlly or in¬ 
directly increaseil the adrenal secretory functi«>ns. 

Experimenters who have taken up the qinnjlion liave also 
been led independently to the conclusions I had jireviouslx 
reachetl.** That experimental thyroidectomy should produce no 
histological changes in the adrenals, as was observed by llof- 
meistcr,** Beneen,** Bruckner,** and others, is self evident, unic s 
the adrenals be endowed with comiwnsative functions, which 
has never been demonstrated. But it is when hyiH*rac-tivity of 
the thyroid is used ns the basis of the inquiry that suc*h a fnne*- 
tional relationship between the two sets of organa shows itself. 
While, for example, normal bicxid has no mydriatic power, in¬ 
jections of thyroid extract confer this projierty of the adrenal 
secretion upon it, owing, according to Kraus and hriedentlial 
and Caro,** to stimulation of the adrenals. Kostlivy** also 
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observed in a large number of cases of thyroid intoxication that 
the blood-serum produced dilatation of the pupil, while thyroid¬ 
ectomy caused this power markedly to decline. The same 
mydriatic activity was conferred on the serum of animals by 
giving thyroid extract by the mouth, the mydriatic power cor¬ 
responding with the dose administered. Hoskins,*^ who refers 
to the above observations, obtained similar results in guinesrpigs. 
In both exophtlialmic goiter and myxcedema, as we shall see, 
the participation of the adrenals in the processes ^ows itself in 
various ways. Physiology and clinical medicine thus unite in 
showing that the secretion of the thyroid apparatus enhances the 
functions of the adrenals. T might, however, express this in a 
different term. Starling'" has named “hormone” (from dp/£au, 
arouse or excite) a substance which, originating in one organ, is 
capable of stimulating another. Internal secretions being in¬ 
cluded among the liormones, we can state that the hormones 
produced by the parathyroid apparatus are capable of stimulating 
4he adrenals. That the thyroid secretion does not serve only for 
this purpose, however, is suggested by the fact that it is com¬ 
ponent of the blood at large. We can only, therefore, look upon 
its exciting effect upon the adrenals as an incidental feature of 
a general function. 

What is the nature of this function? We have seen that 
the prevailing views afford no answer to this question. We are, 
therefore, brought back to the answer I submitted at the begin¬ 
ning of this section, viz., that “iodine in organic combination 
which the thyroparathyroid secretions contain renders the phos¬ 
phorus that all tissue-cells and particularly their nuclei contain 
more prone to undergo chemical change, t.e., oxidation in this 
connection, with the adrenal product adrenoxidase u its source 
of oxygen,” and to analyze the evidence which led me to it. The 
plan adopted for the same purpose in the case of the adrenals 
will be carried out, viz., to submit the main evidence in detail, 
thouf^ in as terse a form as possible. Starting with the nature 
of the thyroparathyroid secretions, I diall then trace their 
itineraries throughout the organism as an oz{^c compound, 
and finally its function. 
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Tk9 thfroid product w an ''iodiud globulin” {a* Otuudd 
matutainc), the globulin being the dlbuminoue coneiituent of 
hemoglobin, i.e., adrenoxidase. 

At Notkin** and also White and Davies** hold, the action 
of the thyroid secretion resembles that of an organized ferment. 
The identity of this ferment suggests itself, i.«., the adrenal 
active principle, when we consider Baumann’s analyses of liia 
thyroidin. Among other tests, for example, he found tliat it was 
practically insoluble in ether and chloroform; that it was not 
destroyed by digestive ferments, and that it stood a temperature 
of 100* C.** These are the speciftc tests of adrenalin. That 
this active principle, in turn, occurs as a constituent of what I 
have termed “adrenoxidase,” is shown by the fact that it a'so 
gives the tests of tlie plasmatic oxidase; lApinois, for example, 
found that the thyroid secretion contained an oxidase which gave 
the blue reaction with tincture of guaiac. Again, we have seen 
that adrenoxidase is a globulin: Oswald termed his product 
“thyroglobulin” and described it as an “iodized globulin.” 
Again, adrenoxidase being the oxidizing constituent of the blood, 
and circulating as it docs in all tissues and organs, as the 
albuminous portion of the haemoglobin, it must noccssarily cir¬ 
culate also in the thyroid and parathyroids as a blood constituent, 
and out of which the secretions of these organs obtain it. 

The actual presence of an oxidizing fennent was further 
confirmed recently by Youchctclienko.** Under the heading of 
“oxidizing ferments” of the thyroid gland, he states that this 
oigan is “rich in catalases.” As I have shown in the preceiling 
chapter, catalysis is a property of the adrenal active principle, 
lie found, moreover, that “the catalase, as well as the oxidizing 
ferment, is contained in the red blooil-corpuscles.” This cor¬ 
responds precisely with the fact I pointed out several years ago 
in the first edition of the present work. In keeping also with 
what I had held concerning the influence of the thyroid on 
oxidation (partly through its influence over the adrenals), 
^ oiichctchoiko found that in dogs “thyroidectomy was invariably 
fallowed a manifest, at times considerable, lowering of the 
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tempemtore”; ‘*in two Aog»,** he adde, 'fthia ozidiiiiig power fdl 
almoet to one-half of the nonnal." 

Yet in the light of the functions I have ascribed to the 
adrenals, and the funotional stimulation thrae organs receive 
from the thyroid product, these effects upon the temperature 
should correspond with a reduction of the oxyhemoglobin, the 
active agent of which is adrenoxidase. That such is the case is 
shown by the experiments of Albertoni and Tizzoni,** who found 
that removal of the thyroid caused the blood to show decrtaatd 
power to fix oxygen; while Masoin** found that the relative quan¬ 
tity of oxyhemoglobin in the blood was diminished gradually as 
the postoperative phenomena of thyroidectomy progressed. 

Another constituent of thyroidin may be regarded much in 
the same ligh^ viz., nucleoproteid. Sherrington, Milroy and 
Malcolm,*' and others have found that the granulations of the 
most numerous leucocytes in the blood, the neutrophiles, are 
composed of nucleoproteid, while the observations of Bail, Stcdces, 
and Wogefarth,** Sangree,” and others have as clearly shown 
that these granulations leave the periphery of the cell. We shall 
see in the next volume that it is through these cells that nucleo- 
proteid readies the thyroid apparatus. 

B. C. Kendall** of the .Mayo Clinic, has isolated from the 
gland a cr]^talline substance he has termed ^‘thyroxin,** which 
contains no less than sixty per cent, of iodine, and possesses the 
{diysiological activity of the gland proper. It is thought to ac^ 
by the deamination of amino-acida The products are then used 
for the formation of carbohydrates, fats, etc. This does not, 
however, meet the results of clinioti observation in hyperthy- 
roidion or Graves’s disease in which a marked increase of phos¬ 
phoric acid excretion is observed. Be this as it may, Kendall’s 
thyroxin is a valuable addition to the list of thyroid derivatives 
at our disposal. 

That iodine is the active agent of the thyroparathyroid 
secretions is now absolutely established. Some observers have 
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held tiiat the thyroid snd panthyroids contain no iodine, in op¬ 
position to the findings of many authorities, but this must be 
ascribed to defectiTe analytic voi^. Beebe, while stating that “the 
physiologically actire portion of the gland secretion is a protein 
substance containing iodine in a ^lecific organic combination.*’ 
alsor ronarks: “I have never been able to obtain a (lefiiiite 
protein or proteose from the thyroid absolutely free of iodine.” 
Quantities of iodine varying from 2.05 to 1.3.04 mg. per gland 
have been found by Baumann, Weis, Oswald, Rosetzki. lolen, 
Gley, and others in Europe, and Wells (10.79 mg.), in tiiis 
country. -Moreover, “if potassium iodide be given to an animal, 
there is an increase in the content of the {diysiologically com¬ 
bined iodine in the gland.” As Oswald holds, tliereforc, the 
thyroid product is an “iodized globulin.” 

Again, as stated by Pmrhon and Qolstein** in a general re¬ 
view, referring to the identity of the thyroid product, “For¬ 
tunately we are today better informed concerning the func¬ 
tions of the thyroid body, and if we cannot exclude the produc¬ 
tion of certain enzymes by the thyroid cells we can, on the other 
hand, affirm that their principal action is due to a more clearly 
defined substance, which is an iodized globulin.” 

The forcing analysis has shown that in keeping with the 
prevailing yiewt the active principle of the thyroparathyroid 
secretions is iodine; but inasmuch as its activity in tliis organic 
combination exceeds greatiy that of iodine or its salts, a property 
which its combination with a ferment (^renoxidase) explains, 
its true identity is more accurately expressed by tlie term 
“thyroiodase/* which I suggested some years ago. 

Why should this combination occur? We will see presently 
that its purpose is primarily to insure the absorption of the 
iodine by the red corpuscles, haemoglobin being the normal host 
of these cells. AnalyNs of this question showed that 

^ The thyroid and parathyroid Mcretions ultimately reach the 
euperior vena cava and are carried to'the pulmonary edveoU, 
where they combine and are taken up by (he red corpuedee, along 
with the adrenal eecretion. 

King, over a century ago, traced the thyroid secretion to the 
lymphi^ics, and Htirtiile showed that fiuids as well as their 
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colloid paBBod from the thyroid veeidOB to' these TeeselB, a &ct 
confirmed by Horsley and others. Baber found colloid similar 
to that in the thyroid within the lymphatic TCBads. The more 
recent inrestigations of Biondi,*** Zielinska/^ Vasaale and de 
Brazza” on the thyroid, and those of Welsh,” and Cqrabianco 
and Mazziato,” and others on the parathyroidB, hare shown that 
the product of these organs passes into ^e perivascular lymph- 
spaces. Being then transferred to the larger cervical lymphatics, 
they are discharged by the right and left lymphatic ducts—the 
thoracic duct, according to Pembrey**—into the subdavian veins, 
and by way of the superior vena cava to the heart. Here they 
become merged with the venous blood of the entire organism, 
forming a single secretion, which is then inevitably carried to 
the heart, and thence to the lungs. As the venous blood carrying 
the adrenal secretion passes from below to these organs to Ira 
oxygenized, so is the thyroparathyroid secretion carried from 
above to the air-cells. 


All these facts tend to controvert the current view that the 
tliyroid and parathyroids are not functionally related. The fact 
is that the prevailing opinion, referred to on p.,147, is not based 
on a broad view of the evidence in the case. My own conception 
sustains and completes that of Qley, which admits a functional 
association in the sense that one set of organs serves to complete 
the work of tlie other. This intimate connection is shown by the 
observation of Edmunds that, while extirpation of the para¬ 
thyroids causes histological changes in the thyroid, removal of 
the latter also causes degeneration of the parathyroids. More¬ 
over, Vassale and Generali” found that after death from removal 
of the latter the tliyroid contained no colloid. Lusena” noted 
the same fact, thus showing that the formation of the thyroid 
secretion depends in some way upon the functions of the para¬ 
thyroids. Edmunds emphasized this fact by showing that 
hypertrophy of tlie thyroid followed parathyroidectomy, both 
embryonic tissue and vessels showing development. This survival 
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gui^ts that removal of the ]Niratli}'roi<1g ig not iw fatal a« 
generally bdieved. Indeed, Gl^** had two dogs survive removal 
of all the parathyroids leaving only one lobe of the thyroid; the 
aamfl operation in two other dogs and in a cat was followed 
by disturbances which became fatal on removing the remaining 
thyroid lobe. In another dog parathyroidectomy caused only 
trophic disturbances and death in one month. The same thing 
was observed in rabbits when two parathyroids (Inly went left 
Eklmunds** also had two survivals in dogs after ]>arathyrnidec* 
tomy and deems this operation less grave than thyroidn'tomy, an 
opinion which is also Gley’s. 

Again, Halpenny,*® after a comprehensive series of experi¬ 
ments in the same direction, writes: “T have been unable to 
confirm the statement that complete parathyroidec-tomy invaria¬ 
bly provw fatal, and that in a short time. In dogs .‘1 and ?, 
where serial sections of the thyroid removwl jKwt-inortein sliowwl 
no parathyroid, the animals lived 30 and 87 days, respectively, 
without symptoms and were killed. In dog 1, symi)tonis did not 
occur, and at the post-mortem no parathyroids wen* found, 
although serial sections were not cut. In cats 1, <!, and H, in 
which at the operation the thyroid lobe with the parathyn)ids on 
one side, and the parathyroids alone on the other side, were 
removed, the animals lived, witliout symptoms, 83 days, 8.') days, 
and 30 days, respectively, and were then killcil. In all thn*c 
cases a careful post-mortem search was made, and the remaining 
lobe of the thyroid was cut in serial sections, anti no traetts of 
parathyroid was found. There js a tendency to disrcgartl the«* 
exceptions—^MacCallum and Davidson,**^ Berkeley and Beebe** 
and explain them by supposing that parathyroids have reinainetl 
behind unobserved.” This explanation is hardly tenable in view 
of the numerous examples presented. As to accessory glands, as 
Vincent** states, *‘If accessory glands be so usually prreent, the 
question os to the importance to life of these glands ceases to 
have the value hitherto attached to it.” Although 1 l»elicve Hal- 
penny killed his animals too soon after the operation, Parhon 
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•nd Golstein** haring obeerved postoperatire death (though 
without tetanic phenomena) as much as 30 and 66 days after 
tbyroparathyroidectomy in the cat, the fact remains that, added 
to the data recorded by Gley his evidence .tends to weaken the 
view that the parathyroids are endowed with independent func¬ 
tions. Swale Vincent, in his recent book (1913), adduces om- 
vincing data indicating **an intimate relationship between the 
two structures,^’ anatomical, physiological, and pathological. 

Finally, and pointedly sug^ting a combined functiop, we 
have seen that a transplanted or grafted piece of thyroid tissue, 
free of all parathyroid tissue, assumes the functions of both 
of organs, arrests tlie convulsive disorders due to eztirpati(Hi of 
the parathyroids alone, and prevents death. 

All this clearly points to a functional connection (probably 
a nervous one to co-ordinate the relative proportions of their 
secretions) between tliese two sets of organs, and thus insures 
the ultimate formation in the lungs of a perfect, physio¬ 
logical, thyroparathyroidal product. 

The purpose of this itinerary suggests itsejf when we recall 
that, as stated by Nothnagel and Bossbach,*' haemoglobin can fix- 
large quantities of iodine. It accounts also for the fact that 
Gley** and Bonrcet found iodine in the red corpuscles. Being a 
component of the albuminous haemoglobin of these cells with 
adrenoxidase, however, iodine should be found in all tissues. 
While Bourcet** ascertained that such was the case, Justus** 
found it in all cellular nuclei, so rich as is well known in 
phosphorus. This simultaneous presence of iodine and phoa-; 
phorus in the nuclei, and also of iodine in the red corpuscles, 
suggests tlie nature of process carried on in tlie cells: vis., 

TAs ihyroparaihyroid constituent of the hamoglobin sn- 
hancea ojcidation by increasing, as a ferment, the vulnerabitity of 
the phosphorus, which all cells, particularly their nudd, contain, 
to owidation by the adrenoxidase in the blood. 

This acU(m is strikingly shown by the fact that iodine, the 
active constituent of the thyroid secretion, and its salts, as shown 
by Henrijean and Corin,** Handfield Jones,** and others, cause 
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excessive dimination of phosphates and plKwphoric acid, and that 
thyroid preparations, according to Boos, Scholts,** Pouchet,” 
and others, act in the same way. “Emphasis must be laid," 
writes Chittenden,” “upon the apparmt connection between the 
thyroid |^and and phosphoric acid metabolism," giving as 
example “the increased excretion of P,0, after feeding thyroids 
to normal anima's, and the great decrease in the case of animals 
with the thyroids removed." 

The untoward effects of large doses of thyroid preparations 
on the nervous system, owing to its wealth in phosphorus 
and fats, as manifested by tremor, tachycardia, optic neuritis 
(Coppez**), etc., also bespeak a marked influence on this element; 
Cyon,*'* in fact, found that injections of iodothyrin excited the 
depressor nerve directly to such a degree that the vascular 
pressure often declined to two-thirds of the normal. 

A familiar action of the thyroid preparations is a rapid 
reduction of fat in obese subjects when'full doses are admin¬ 
istered. The presence in the fat-cell of a nucleus rich in phos¬ 
phorus whose purpose is promptly to promote oxidation of the 
fat when the organism requires additional carbohydrates explains 
tiiis action. Schondorff** found that the reserve fats could be 
exhausted before the nitrogenous tissues were affected. 

The mode of action of the thyroid active principle, iodine, 
is suggested by the prince of this halogen in all nuclei, as 
shown by Justus*' and others. This means that iodine is found 
wherever phosphorus is present, while, as shown above, it is 
most active where phosphorus is known to be most plentiful. 
N'ow, chemistry furnishes, as previously stated, a clue to the 
manner in which the phenomena 1 have enumerated occur: “If 
fragment of phoephorus lying on a plate is sprinkled with 
i'Kline," writes Wilson,** “the substances unite, and heat enough 
is produced to kindle the phosphorus." Nitrogen, hydrogen, and 
t'Idorine are ubiquitous constituents of our tissues, and the 
\ igorous explosives thqr form with phosphorus and the intense 
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liberation of heat the reactiona entail arc familiar featnrea.of 
the laboratoiy. Boos'* found that in a dog in nitrogenous 
equilibrium i^othyrin "caused at once a marked increase in the 
output of sodium, sodium chloride, and phosphoric ozide/^ 

Finally, as stated in the italicized postulate, "the thyro- 
parathyroid constituent of the hsemoglobin enhances oxidation by 
increasing, as a ferment, the vulnerability of all cells*’ to the 
action* of adrenoxidase. That is shown by many facts. 

Chantemesre and Marie, Ballet and Enriquez," Boume- 
ville,** Shattnek,” Lorand," and many other clinicians, including 
myself, have noted that thyroid preparations caused a rise of 
temperature of several degrees. These observations are con¬ 
trolled by those of Stiive and Thiele and Nehring," that thyroid 
extract increases over 20 per cent, the oxygen intake and to 
nearly as great a degree the carbonic acia output. This is 
evidently produced by the active agent of the thyroid secretion, 
iodine, for this halogen itself increases oxidation as well. Thus,- 
Babuteau, Milanese, and Bouchard,** Henrijean and Corin*' 
have all noted an increase of nitrogen excretion. Wood** and 
Cushny** state, in fact, that iodine can produce fever. Heinrich 
Stem*** noted a rise of temperature at times of 3* F. in cases of 
hyperthyroid in. 

Bemoval of the thyroid, on the other hand, lowers oxidation. 
Albertoni and Tizzoni, and Magnus-Levy** found, for example, 
that this procedure decreased markedly the output of cai^n 
dioxide, and that it caused hypothermia. The fall of tempera¬ 
ture is gradual, according to TiOrrain-Smith," and moat marked, 
according to Bouxeou,** at the end of the operation. The pro¬ 
portion of red corpuscles is reduced, according to Moussu.** 
Beverdin observed in man that the hssmoglobin was also dimin¬ 
ished, while Horsley noted increased sensitiveness to cold. 
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Albertoni and Tizzoni and Maaoin found that the blood contained 
less ozygan than normally. 

This applies as well to removal of tiie parathyroids, which 
was found by Jeandelize” also to lower the temperature.' That 
the thyroid apparatus can itself raise the temperature, is shown 
by the febrile process and sense of heat with flushing observed in 
the sthenic stage of ezophtiialmic goiter, t.e., when the thyroid 
apparatus is still overactive. When thyroid extract is given to 
such cases, the exchanges may be increased to a surprising degree 
—77 per cent, in a case observed by Hirschlaff.^* The disease 
may in fact be brought on by thyroid preparations, as noted by 
Notthaft^* and other clinicians. 

Still, as Chittenden states,** "according to Baumann, doses 
of 1 milligramme of iodothyrin, which contain only 0.1 milli¬ 
gramme of iodine, will produce a decided effect upon a goiter 
after three or four applications, thus clearly indicating that it 
is not the iodine per se that is effective, but rather the iodine 
compound.” This will recall the observations of Nothin and 
. White and Davies that the action of the adrenal secretion 
resembles that of an oi^mized ferment, and my own that the 
adrenal principle with which the iodine is combined endows it 
with the properties of a ferment, the purpose being probably to 
increase the activity of the iodine on the cellular phosphorus. 


THE THYROPARATHYROID SECRETION AS WRIGHTS 01»S0NIN. 


Fraenkel isolated from the thyroid what he termed a 
“thyroantitoxin,” which he thought served to neutralize in the 
gland itself toxic substances brought to it by the blood. Nothin 
also separated a substance he called "thyroproteid,” a product of 
tissue exchanges which he believed reached the organ, to be 
destroyed therein by a ferment, thyroidin, formed locally. These 
and all other theories, including Blum’s, which restrict the 
antitoxic process to the gland itself have not stood the test of 
time. These conceptions are now only of historical interest, 
many investigators having shown that whatever function the 
thyrUpanihyroid apparatus may cany on should be attributed 
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to the passage of its secretion into the blood, in which its active 
principle, iiv organic combination, has been found bj Oley, 
Bouiget, and others, both in man and the lower animals. The 
evidence submitted in the foregoing pages fully snstuns this 
position. 

What the prevailing views are concerning the r61e of the 
thyroid secretion, and what my own researches represent in 
respect to them, may be graphically illustrated by quoting the 
recently published words of Youchctchenko, of the Institute of 
Experimental Medicine of St Petersburg” "Some suppose 
that it [the secretion of the thyroid] is necessary for the devdop- 
ment of the bones, the digestion, the nervous system, etc.; others 
express the opinion that it fills the rdle of antitoxin, which 
renders non-toxic the toxic products of nutritional exchanges; 
others, finally, affirm that the toxic substances elaborated in the 
economy are transformed, under the infiuence of the ferment in 
the thyroid, into substances necessary and even indiq>ensable to 
the life of the organism.** 

If the function I ascribe to the thyroid apparatus was clearly 
defined in the foregoing pages, it will ^ seen that they harmonize 
all those outlined by Youchctchenko. The labilizing of sensitiz¬ 
ing action I attribute to the iodine (in organic combination) (m 
tissue phosphorus explains the action of the thyroid product 
upon "the development of bones, the digestion, the nervoua 
system,** etc., since it is an essential feature of their metabolism 
—^that which renders all tissues susceptible to adequate oxidation, 
the underlying factor of normal development and function. The 
"transformation under the infiuence of the ferment in the 
thyroid” is naught else than the above process carried out, we 
have seen, under the infiuence of a ferment and the organic 
iodine, i.e., by whet I have termed "thyroiodase.** As to its rdle 
as "antitoxin,** we shall now see that it is also a feature of tiie 
same process. - 

Youchctchenko attributes to Marbi, Malvoz, Faaain, and 
Stopanoff (the first- and last- named investigatora being of the 
Pasteur-Institute) the credit of having first coimected the thyro- 
parathyroid secretion with the modern conception of immunity, 
whkdi fakes into account the presence of alexins, opsonin, etc., 
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in the blood;-but tills is an oversight which Leopold-L£vi and U. 
de Bothschild, of Paris, oorrected in their recent work” when 
they wrote: ^‘Sajoiis has attributed to the secretion of the 
thyroid gland an action which he deems similar to tiiat of the 
opaonins and to antoantitozins. More recently. Miss Fassin, 
M. Stdpanoff, M. Marbd have confirmed on their side the infiu- 
ence of the thyroid on the blood’s asset in alexins and opsonins. 
All these researches explain the mechanism of everyday 
infections.” 

That I am entitled to the priority of this discovery will be 
shown presently in the course of the evidence in support of my 
contention, advanced several years ago,” that 

The thyroparathyroid secretion increases the germicidal and 
antitoxic power of the blood by endowing the albuminous portion 
of the hcemoglobin with sensitizing properties. As such, it is 
the blood constituent Sir A. E. Wright has termed "opsonin." 

Bordet’s sensitizing substance, or “sensibilisatrice,” was 
thought by this investigator and also by von Dugem to appear in 
the blood under the infiuence of the red corpuscles. Nolf" 
showed, however, that it is owing to an action of the alexins or 
complement upon these cells that ‘*the contents of the latter” are 
caused to leave them; he found also that “the injection of the 
corpuscular contents incites lisemolysis.” Now, Savtchenko”* has 
pointed out that the “sensibilisatrice” is endowed with specific 
opsonic properties, acting both on bacteria and leucocytes—the 
identical sensitizing action discovered by Denys and Leclef*' in 
1895, and which Sir A. E. Wright has since studied with speh 
promising results. Suggestive in this connection is Nolf's 
statement in reference to the production of antibodies that “it is 
solely to the injected red corpuscles that the power to bring forth 
these new substances must be attributed.” When this is coupled 
with BarratPs” observation that opaonins “are also produced by 
injecting red blood>cellB in the. peritoneal cavity” of experimental 
animals, and also Briscoe’s** to the effect that opsonin is present 
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in the fluid of the peritoneal cavity, which normally contains no 
phagocytes, it becomes evident that opsonin is a product of the 
red corpuscles. 

Under these conditions, however, the administration of 
thyroid preparations should increase the immunizing properties 
of the blood, and particularly its opsonic activity. As to the 
former, I was led to conclude, in 1903,** by an analysis of the 
whole question, that the injection of various bacterial toxins in 
man and in the lower animals excited more or less actively ac¬ 
cording to their virulence the pituitary, adrenals, and thyroid 
(constituting what, as we shall see in another chapter, 1 termed 
the "adrenal system”), and that "the various antitoxic sera are 
more or less active in proportion as to, the quantity of thyro< 
iodine in them is great.” Four years later. Miss Fassin*^ found 
not only that removal of the thyroid decreased the germicidal 
and haemolytic alexins in the blood, but that the administration 
of thyroid by any method increased materially these same alexins. 
That this actually increases the defensive power of the body was 
also noted by Iteid Hunt,** who found that when mi(» were fed 
on small amounts of thyroid they showed marked resistance to 
poisoning by acetonitrile. Ever since the gland has been used 
as a therapeutic agent, in fact, it has been found useful, though 
empirically, in intoxications of various kinds. Ltopold-L4vi and 
de Hothschild,** for example, observed clinically that thyroid 
treatment rapidly influenced favorably autointoxications and 
exogenous infections, including erysipelas. Torr6** found that 
the juices of swine and sheep thyroids dissolved almost en¬ 
tirely the comma, typlioid, and anthrax bacilli, the bacillus coll 
communis, and the streptococcus. Conversely, dogs were found 
by Charrin** to succumb readily to infections, after removal of 
the thyroid. That toxic intermediate wastes or other toxics are 
not destroyed adequately in thyroidectomized animals is shown 
by the observation of Oley** that the blood-serum of thyroid- 
cctomized dogs is more toxic than normal serum, and gives rise 
to convulsions when injected into animals. JeandeUze and 
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Perrin** also found that thyroidectomized rabbiia presented lees 
resistance to poisoning by sodinm arsenas than normal animals. 
Lorand observed the same fact in connection with chlorofonu 
narcosis. Be Luca and d’Angerio** and others have found, more¬ 
over, that the urine in thyroidectomized animals contains a 
greater percentage of toxic substances than normal, and that the 
therapeutic use of thyroid in these animals counteracted this 
toxicity. It is thus apparent that the evidence from every phase 
of tliC question points to the thyroid secretion as an important 
factor in the immunizing processes of the body. 

The process through which the thyroparathyroid secretion 
carries on this important function differs in no way from that 
which enables it to sustain metabolism and nutrition. As stated 
by Jordan :** ^"The bodies of bacteria contain from about 80 to 88 
per cent, of, water, the amount showing considerable variation 
and depending partly on the nature of the organism, partly of 
the culture-medium. The ash is largely phosphoric acid, the 
P,Og often reaching as high as half the total ash weight (tubercle 
bacillus, 55.23 per cent.; de Schweinitz and Dorsett**).*' Bac¬ 
teria, therefore, in keeping with many of our tissue-cells, are 
relatively rich in phosphorus and correspondingly vulnerable to 
the action of the thyroiodase. As the latter, in turn, renders the 
phosphorus prone to oxidation by tlie plasmatic adrenoxidase, the 
whole pathi^nic micro-organism is rendered unstable chemic¬ 
ally and vulnerable to the digrative influence of the blood’s 
germicidal agents—^which in the above sense include both the 
thyroparathyroid and adrenal products acting conjointly. 

Oh the whole, the evidence and the confirmatory testimony 
submitted under the last two headings have shown:— 

1. The thyroparathyroid secretion and the thyroid prejMira- 
tions used therapeutically act by increasing the sensitiveness of 
the phosphorus of all cells, particularly their nuclei, to the 
oxidizing action of the adrenoxidase, and thus enhance metab¬ 
olism and nutrition. 

8. They also, in virtue of this action, augment the auto- 
prateetive, or immunizing, power of the blood, by increasing the 
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aengiiivenw (as opsonin) of ail bacteria, their, toanns, endo¬ 
toxins, toxic wastes, eta, fhat contain phosphorus to omdation, 
and thereby to the digestive or destructive action of ^e comple¬ 
ment, boOi in the blood and m its phagocytes. ' 

As will be shown elsewhere in this work, this represents the 
foundation (with the adrenal and pancreatic secj^ons as addi¬ 
tional factors) of the autoprote^ve process, including the 
germicidal cytase of phagocytic cells. It traces them to their 
origin and furnishes their, identity, features which Ehrlich’s 
labors have hot, so far, determined. 

THE PITUITARY B(»>Y AS THE SEAT OF 
THYROPARATHYROID CENTER. 

So important are the functions of the thyroparatliyroid ap¬ 
paratus that we cannot but surmise that, in keeping with many 
other and far less prominent functions, they are regulated by a 
center. The evidence available, a part of which is given below, 
and in the second volume, indicates that such is the case. 

That it should be the same center which we have seen 
governs the functions of the adrenals is not only sustained by 
what evidence there is on the subject, but also by logical reason¬ 
ing, since the two centers which regulate oxygenation, metabo¬ 
lism, and nutrition, thus conjoined, are placed in the most ad¬ 
vantageous position to co-ordinate these all-important functions. 

The first clue to such a functional relation^ip was afforded 
by the fact that 

The active and passive phenomena evoked by the pituitary 
body and the thyroid apparatus show considerable parallelism. 

We have seen that removal of either the pituitary or the 
thyroid causes a strady decline of the temperature with de¬ 
creased oxygen intake and carbon dioxide output, and also 
weakness, tetany, and even epileptic convulsions, while, con¬ 
versely, overactivity of either organ provokes excessive metabo¬ 
lism with increase of oxygen intake and (»ibon dioxide output, 
and glycosuria. We arrest nutrition by removing either the 
pituitary or the thyroid, just as degenerative changes in either 
organ entails dsnutrition lapsing into fatal cachexia.. The 
sthenic stage of acromqpdy and gigantism strikingly illustrates 
the power of the pituitary to incite excessive nutrition and over- 
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growth; tbs rapid growtii of the cretin under the influence of 
thyroid preparatione exempliflee what the thyroid apparatus can 
do in the same direction. 

The simultaneous presence of degeneration of the pituitary 
and myzoedema in cases reported by Ponflck,*' J. Stewart, 
Codd,** Sainton and Bathery,** and others; end of acromegaly 
with exophthalmic goiter by Murray,**** Lencer^ux,*** and 
others (two diseases whidi, as emphasized by Lorand, not only 
present many characteristics in common, but which, as observed 
by Magnus-Levy,**** are attended by excessive oxidation) clearly 
suggest functional parallelism. This is further emphasized by 
the enlargement of both organa during pregnancy indicated by 
the labors of Comte,*** Launois and Mulon,*** and Lang*** and 
its subsidence when, after parturition, the blood no longer receives 
the excess of wastes that the presence of the fcetus involved. 
On the whole, we can certainly say with Thaon*** that “between 
the pituitary and the thyroid there is so much analogy that the 
one cannot be studied without a knowledge of the other.” 

Zodlogy affords various landmarks in the same direction. 

The pituitary body governs oxygenation, meiaboliam, and 
nutrition in all anitncde supplied with a thyroid gland and 
adrenals. 

In tunicate, the homologue of the thyroid, according to 
zoologists, is the endostyle, a long gland at the base of the 
pharynx closely related to the branchial or respiratory chambers. 
The adrenals in these invertebrates are represented, as personal 
researches have suggested, by the dorsal tubercle, which is so 
related to the respiratory chamber that its product, which cor¬ 
responds with the adrenal secretion, can be secreted into the 
blood near the oral aperture, -the inlet for the water which 
supplies the animal wi& oxygen. Suggestive in the light of the 
views I have submitted is that the dorsal tubercle—the primitive 
organ of the adrenals from my viewpoint—is connected by a 
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delicate duct with an oi|^ the sabnearal gland, which Julin, 
aa we ahall aee presently, has identified as the hypophysis, while 
the endoetyle, the primitive thyroid, along with all other organs, 
receives nerve-fihers from a nerve-ganglion attached to this 
ancestral pituitary. 

Two important facts impose thmnselves in this connection: 
The first is &at, as stated hy Jacques Loeh**'' in reference to a 
group of these invertehrates, “the central nervous system is re¬ 
duced to a single ganglion”; the second is that this single 
ganglion corresponds with the neural or posterior lobe of the 
pituitary. Just as the nerve-ganglion governs the functions of 
the primitive thyroid and adrenals, that is to say, the respiratory 
processes in these lowly animals, so can it be shown to do at 
every step of the phylogenetic scale up to man, since it preserves 
its functional importance throughout. The snail, for example, 
is supplied with both a cerebral and an oesophageal ganglicm; 
galvanic excitation of the cerebral ganglion, as shown by 
Yulpian, produces no appreciable effect; but similar excitation 
of the lower or pharyngeal ganglion, the future neural lobe of 
the pituitary, provokn violent muscular movements. Again, 
removal of the cerebral ganglion will not kill the animal, but 
it will remain motionless. Extirpation of the oesophageal gan¬ 
glion, on the other hand, causes its death in less than twenty-four 
hours. All this applies as well to other invertebrates. 

We can assimilate all the vertebrates to these primitive 
forms by removing the brain. That the respiratory mechanism 
or the processes it influences are not in the least impaired by this 
operation was shown when we traced the governing centers of 
this mechanism—^to which the thyroid belongs—io the pituitary. 
The well-known Cornell frog lived several years after its brain 
had been removed. The decerebrated pigeon is a familiar 
example of this kind. Another is Qolts’s dog which lived 
eighteen months after both its hemispheres had been removed. 
Conversely, we have seen how rapidly extirpation of the pituitary 
proves fatal in the higher mammals, just as it does in the low 
invertebrates when the oesophageal ganglion is extirpated. We 
found that all the lethal phenomena are due to arrest of respira¬ 
tion and oxidatim, both of which ptocesaea are carried on 
through the adrenals and the thyroids. Again, 
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In neriebratea the fiiviiary body ia connectad with tha 
ihyroparathyroid apparaiua, aa it ia with the adrenala, by direct 
nerva’paiha. 

The thyroid apparatus, as all textbooks teach, receiTes its 
nenres from the sympathetic through the middle and inferior 
cervical ganglia. That they originate in the pituitary is shown 
not only by the presence of typical sympathetic fibers between 
the pituitary and the upper connections of the spinal system 
with the cervical sympathetic, but also by the effects of electrical 
excitation of the exposed, but normal pituitary. 

As to the origin of the nerves, Cajal,*®* Joris,*®* and others, 
we have seen, traced in various animals fibers from the pituitary 
to a nucleus of large gray cells immediately above the infun¬ 
dibulum in the anterior portion of the third ventricle, which 
nucleus was found by them to project nerves over the ventricular 
walls. These nerves are also described by Edinger**® in fishes, 
reptiles, and birds as ‘‘numerous fine, medullated fibers”—^the 
characteristics of sympathetic nerves, as sliown by Bidder and 
Volkmann. In illustrations of sections in various animals, 
Edinj^r shows, moreover, that several bundles of these fibers 
project posteriorly as far as the level of the bulb, whence, as is 
weU known, the fibers which pass over to the 83 rmpathetic ganglia 
begin to leave the spinal syst^. As the ganglia are the starting 
points of sympathetic nerves to the various organs, we thus have, 
through these ganglia, a continuous path from the pituitary to 
these organs. This is sustained by physiology, since Cyon and 
also Masay**^ caused an instantaneous rise of pressure of over 
100 mm. Hg. by exciting electrically the exposed pituitary. As 
the vagi were cut during the experiment, and the vasomotor 
center is independent and located in the bulb, the rise of pres¬ 
sure could only be due to general qmpathetic vasoconstriction. 
I will show in the second volume tW the pituitary has a con¬ 
trolling power over the sympathetic system. 

When the influence of the pituitary over the adrenals was 
analysed, it was possible to trace step by step-along the path 


MCajd: l0e.eU. 

llSiaevt^'Automr at Om Cntni Nerrou ar^mu." Amwteaa adHlm, p. 
*****»5toiKr: Abb. S« Ib Sm. w. Cm aeL nSS. at sat «• «M. 

part STSm. 



m 


tBTAorilUTSnniOlD AfPAftAfOI. 


between the two organs all the main phenomena which both 
were able to pzoTok& In the case of the thyroid we are deprived 
of this valuable testimony. As Morat,“* in his review of the 
sympathetic system, says, *‘the ihyroid ^and receives its vaso¬ 
motor fibns from the superior portion of the thoracic chain by 
the cerviral cord. Stimulation of the thoracic chain causes 
either vasoconstriction or vasodilatation on account of the 
mixture of the two orders of fibers.” In other words, the antago¬ 
nistic nerves which control the functions of the thyroid are so 
conjoined that transection or excitation would afford no reliable 
testimony. 

The participation of the thyroid in the phenomena awakened 
by the pituitary and the nerves it projects posteriorly is shown, 
however, by the intensity of these phenomena, liie adrenal 
secretion alone, as represented by its extracts, causes a rise of 
temperature of 1” or 2** F. How account for the rise of 10° F. 
and over caused by puncture of the tuber cinereum (just above 
the pituitary) by Sakowitsch"*; of the 6° F. and over noted by 
Briick and Gunther'** on puncturing between the pons and 
medulla, and of the 12.4° F. noted by Brodie'** after an injury 
of the cervical portion of the spinal cord, with impulses to the 
adrenals alone to account for these heat phenomena? They 
obviously fail to do so. On the other hand, they are readily ex¬ 
plained by simuUaneoiu impulses to the thyroid apparatus, since 
the action of its secretion upon cellular phosphorus, we have 
seen, provides an active source of heat energy. This dual action 
not only accounts for the high temperatures obtained by irrita¬ 
tion applied all along the path from the pituitary down to where 
the nerves to the adrenals and thyroid leave the spinal cord, but 
it indicate that the two sets of thermogenic nerves follow the 
same path, down to this r^on. 

Anally, that the pituitary is so related with the nervous 
system os to be capable of governing these organs, is farther 
diown by the fact that, as stated by Prof. Laulani4,*** a physiolo¬ 
gist who has givmi considerable attention to the functions of the 
ductless glands, in reference to the pituitary body, "this gland 
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is, in fact, in relation with the aympathetic, the vague, and the 
depreaeor nerve.” 

Of couree, I am familiar with the prevailing view tliat the 
pituitary is a secreting gland. But the data which tend to sus¬ 
tain this opinion are far from convincing, for reasons that I 
will submit in the tenth chapter. Suggestive in tliis connection 
is the fact that its removal for tumors or other lesions w'hicli 
destroy its functions docs not in the least compromise life, as is 
the case after removal of the adrenals or of the thyro])arnthyroid, 
which are known to he secreting glands. Were the pituitary 
the source of any such secretion, its extirpation would obviously 
provoke serious disturbances. With this organ interpretinl in 
accord with my views, i.e., as a co-ordinating center acting 
through subsidiary centers in the bulb capable of assuming its 
functions increasingly as these are being annulled by the pitui¬ 
tary lesion, absence of postoperative complications is explained. 

Again, the main evidence of those who Iwlieve in the exist¬ 
ence of an internal secretion is based on the rise of the blou<1- 
pressuie observed after injections of pituitary extract. "Accortl- 
ing to Kohn,”*^* writes Swale Vincent in his recent work,”* “there 
is nothing to suggest that the posterior lobe has an internal secre¬ 
tion, in spite of all the results of experiments involving the injec¬ 
tion of extracts.” . . . “B’^e have seen that the extracts having 
powerful effect upon the blood-pressure and the flow of urine are 
obtained from the posterior lobe and not from the epithelial layer 
which covers it. This view seems to be borne out by the experi¬ 
ments of Franchini. Now, the posterior lobe proper (e.xcluding 
the epithelial layer) consists of neuroglia, pigment, and occasional 
nerve-cells.” Swale Vincent then aptly remarks: “It is ex¬ 
tremely difficult to imagine how such a structure can l)e regarded 
as a secreting gland.” 

Pending additional evidence to this effect, to be submitted 
later on, and also for testimony concerning the connection be¬ 
tween the pituitary and the adrenals, the conclusion is siih- 
ihitted that 

The pituiUuy body contains the governing center of the thy- 
roparathyroid apparatus and adrenals, and co-ordinates the secre¬ 
tory aetinUy of these organs. 
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DISEASES OP THE THYBOPABATHYHOID 
APPABATUS. 


DISORDERS DUE TO DEFICIENT ACTIVITY OF THE 
THYROPARATHYROID APPARATUS. 

Ik the light of the data and conclusione submitted in the 
preceding chapter, the phenomena awakened by functional dis¬ 
orders of any kind in the parathyroid apparatus should be of 
two kinds: those due to excessive functional activity now known 
as ‘Oiypertbyroidism,” and those due to inadequate functional 
activity, and designated as '%pothyroidism.” A third class, 
termed by IAopold-L£vi and Botbschild “thyroid instability,” 
introduces both the former types, but either in alternation or 
concomitantly in the same subject. In the present chapter we 
shall consider the first type, viz., that in which, as stated in the 
above headings the functions of tlie thyroparathyroid apparatus 
an inadequate, in that the secretion it supplies the organism is 
insufficient to carry on normally the functions described in the 
fongoing pages. 

The classification of the disorders due to deficient activity 
of the thyroid apparatus being in its formative stage, so to say, 
many expressions and terras have been introduced, such as 
“thyroid insufficiency” or “inadequacy”; “hypothyroidism,” or 
“attenuated,” “benign,” “incomplete myxcederaa”; “myxo^eme 
fruste,” and others, to denote the milder forms of this disorder; 
and quite as many others to designate the severe' forms con¬ 
sidered in the next chapter. Bone of these terms seem to me to 
interpret satisfactorily the morbid process in question. Be- 
stricting ourselves for the moment to the milder forms, such 
terms as “thyroid insufficiency” or “inadequacy’* are too cumber¬ 
some; ‘‘hypothyroidism” implies the presence of a habit such ss 
“alcoholim”; “incomplete myxoBdema” and “myxoedeme fruste” 
are not applicable in most instances of this disorder, since no 
myxoedema of the skin, mucous membranes, etc., is discernible. 
( 174 ) 
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Wont of all is the tenn ^^atbyrea/’ which perverts the name of 
the **thyro-".or "thyroid” being necessary in composition 
to indicate a connection with the "shield-like cartilage.” It has 
applied to me, therefore, that tlie simplest term would fill our 
needs best, until the many morbid states and syndromes it 
coven wiU have been, to say the least, more accurately identified. 
Of all the terms available is that adapted from the French 
"hypothyroidie,” hypothyroidia, which also presents the 
advantage of corresponding as to its terminal with anemia, 
hyperchlorhydria, and many other terms in current use. 

As to the pathogenesis of this condition, it must also be 
said that at the present time little or no effort is made by writen 
to explain the manner in which thyroid insufficiency brings 
about each of its characteristic symptoms. The functions I have 
attributed to the thyroid and tp the adrenals in the preceding 
chapters enable us to do otherwise. In the present connection, 
therefore, it is essential to recall that, with these functions in 
abeyance or depressed, we shall have to deal with three essential 
morbid factors:— 

1 . Deficirat tissue oxidation, tlie rate of metabolism and 
nutrition in all tissues, particularly those ricli in phosphorus, 
such as the nervous system, cellular nuclei, etc., being retarded. 

2 . Deficient breaking down of waste piwlucts, fats, etc. 
(slowed metabolism entailing deficient catabolism), with ac¬ 
cumulation of fat, detritus, wastes, etc., in the blood and tissues 
as a result. 

3. Deficient resistance of the body to infection and intoxica¬ 
tion, owing to insufficirat production of opsonin (the thyro- 
parathyroid secretion) and of the other antitoxic and germicidal 
blood constituents and phagocytic cells, as a result of the slowed 
metabolism in all organs producing them. 

HYPOTHYROIDIA. 

(Chranio Benign Hypothyroidia; Hypothyroidism; Incomplete 
l^yzmdema; MyxeedSme Fruate.) 

The term “hypothyroidia” is intended to include all condi¬ 
tions of the organism that are due to deficiency of the thyr<^ 
parathyroid secretion, but not the advanced ty^ of this <»n ^ 
tion, such as myxoedema and cretinism, which are review 
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Ikitiier on. It indudea the so-called "incomplete” fonn, and, 
as Boch, is far more important clinically than even myx- 
cedema, ainee^ as ire dull ae^ it forma part of, or oomplicaies 
pathogenically, many diaeaaeB tiut we meet almost da4y in 
practice. 

The history of hypothyroidia ia linked with that of its more 
severe form, myzoedema. The resolis of surgical remorel of the 
thyroid by tiie brothers Beverdin were reviewed early in the 
prece^g diapter. The medical side of the qnestion, as regards 
the milder form with which we are now concerned, was first 
described by J. L.- Beverdin,^ one of the two brothers referred 
to above, in 1887, who gave it the name of tnyxadime frtut$. 
Valuable articles on the subject were then contributed by 
Thibierge,* Chantmesse and Marie,* Murray* and Brisaaud,' and 
others, in which muiy cases were reported, but that of Hertoghe,* 
of Antwerp, in whi^ he termed the disorder "chronic ben^ 
hypothyroidia” is worthy of special attention owing to the multi¬ 
plicity of clinical features introduced and the 8 ccura <7 of the 
author’s conclusions. 

While many symptoms of hypothyroidia are witnessed in 
myzoedema, the latter in its typical form is a comparatively rare 
disease. The former is also thought to be infrequent, but this is 
merely because it generally passes unrecognised. This is mainly 
due to its classic association with the frank type of myzoedema, 
which leads the clinician to seek for the most salient symptonu, 
e.g., cutaneous myzoedema, dry skin, the mask-like face, etc. 
Not finding these phenomena he transfers his analysis of the 
case to other possible morbid processes. In truth, the symptom- 
complez of hypothyroidia does not, in the great majority of 
cases, include the prominent symptoms of myzoedema. More¬ 
over, while the latto disease is progressive when left untreated 
by modern methods, hypothyroidia is not; but it keeps the 
patient in a state of perpeinal torment. The physician, failing to 
reeognue the true identity of the trouble, leaves the patient a 
pwj to acute suffering from so-called rheumatism, neuralgia. 
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tic doolonm, adatioa, ete. The roflerer finally abandons treat- 
inenh~«t least that oSezed by medical men. 

^wntw perhaps BtUl broader field in which the recognition 
o£ hypothyroidia is of great practical importance is the process 
o£ development, physical and mental, of the child. We have 
edficient evidence of the effects of athyroidia (complete defi- 
ciem^ of normal thyroparathyroid secretion) in cretinism, t.«., 
myioedema. That a rednction of the same secretion 
should compromise correspondingly the physical and mental 
welfare of a child without necessarily branding it with the 
physi cal «g nfl of cretinism is an established, though little rec¬ 
ognised, fact. Indeed, a large proportion of backward chUdren 
and the oft-punished laggards of the class-room are but sufferers 
of hypothyroidia. 

Finally, certain disease^ syphilis, tubercidosis, and other 
in fs rti«"«» , and also certain abuses of the physical powers, sucli 
as multiple pregnancies, prolonged lactation, excessive venery, 
or mastnrlmtion, so weaken the thyroparathyroid apparatus and 
the adrenals, with which it is, we have seen, intimately linked 
functionally, that hypothyroidia results. The recognition m 
this condition as an underlying factor means not only a marked 
development of our diagnostic resources, but it affords also op¬ 
portunities for successful therapeusis where, before, failure was 


the rule. 

A definition whidi appears to mo to facilitate the recogni¬ 
tion of this disease is the following: . » r • # 

Hifpoihf/roidia ts a cotuiiiuiional disease due io deficimt 
functional activity of the thyroparathyroid apparatus, when the 
secretory activity of the latter is not suffieiently mpasredto give 
rise to the most advanced and progressive type of the disease: 
myxadema. The symptoms of hypothyroidia m(wt 
met with, separately or unitedly, are: severe occtpUa 
scapular pain, obesity with supraclavicular fat pads, hypotKer- 
mia, loss of hair and teeth, lassitude, stubborn 
mental torpor, supplemented in children by slow 
msatol, and irregular Ocelelal development, enlargement of tM 
lymphatic glands, and, occasionally, enur^. . 

STMHOMATOUmT^The symptomatology of 
tiuJuam nmqr of tha symptomf of the asthenic disor^ f 
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nutrition, bnt^ u there exist many gradations of this condition, 
hypothyroidia representing as many degrees of thyroparathyroid 
secretory actiTity, its symptoms are more or lem prominent both 
in number and intensity. 

These patients usually apply for relief of pain of some kind, 
particularly pain in the back or in the occipital region, and oc* 
casionally for migraine or neuralgia. The ^n)ackache’’ may con¬ 
sist of sacrolumbar pains, of coccygodynia, or in most instances 
of very severe deep-seated pain between the shoulder-blades, 
which rest in bed tends to aggravate rather than to improve. 
These phenomena are due to deficient catabolic activity, the 
blood being laden with toxic products—a known cause of such 
symptoms. That rest in bed should aggravate the condition is 
self-evident: it merely slows still more the oxidation process and 
thereby encourages the catabolic torpor. They complain of 
feeling fatigued, languid, somnolent on rising, and of being in 
every way worse; while, as the day wears on, their condition 
improves. Their temperature is low, and they complain of 
alavys feeling cold, especially at the extremities. Their hands 
are fiabby, damp, though cold chills may even be complained of. 
We have here an evidence of the slow metabolic activity referred 
to above, every sign of deficient oxidation being present. This 
explains also why a copious meal, especially if it includes the 
use of alcoholic beverages, should be a source of great relief in 
these cases, and why, also, they readily become addicted to the 
immoderate use of alcohol as a ‘‘stimulant.” 

A close examination then reveals other morbid phenomena 
which are obviously due to the defective nutrition of all tissues 
which hypothyroidia entails. The patient appears much older 
than her age—^women constituting a large proportion of these 
cases. The hair may be prematurely gray, showing a marked 
tendency to fall in patches from the forehead and median line, 
which tends to become wider, and from the occiput. This losi^ 
which is attributed by the patient to the headaches, may be such 
as evmitually to cause complete alopecia. In marked cases the 
hair may be coarse, dry, and brittle, as in the cretin. The eye¬ 
brows also show a tendency to fall, but, a diaracteristic sign of 
hypothyroidia: the loss is limited to the external or outer ends. 
This shortening of the eyebrows and the occipital loss of hair 
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denote, jointly,, rather marked cases, though the shortened eye¬ 
brows are frequently met in the less severe. In the former, the 
skin of the face may also appear infiltrated and be hard to the 
touch, as in myxcedema, its color being waxy, with {lerhaps a 
reddish patch below each cheek-bone. Although the skin of tiie 
body may be normal, that of the legs, especially below the knees, 
usually feels rough, rasp-like, and may be scaly, the scales, which 
are readily detached, recalling dandruff, which is also present 
in m(»t cases. Pads of fat especially prominent over the clavicle 
seem characteristic of rather marked cases. Such symptoms, 
which belong to true myxcedema, are rarely observed, however, 
though a waxy hue of tlio facial skin and puffy lids arc not 
uncommon. 

Dyspnoea or oppression, due to deficient oxygenation of the 
blood, is complained of on climbing stairs or during continued 
^ speaking. Palpitations, sometimes of a distressing character and 
with severe pain, may also occur. The heart is often found 
dilated with weak systole and occasional murmurs. The blood- 
pressure is low, from 80 to 110 mm. Hg., and the pulse weak 
and rapid. All these symptoms are directly traceable to the 
existing impairment of the oxidation and nutrition, the cardiac 
and vascular muscles suffering from this condition as well as all 
other organs. The blood-forming organs being also inadequately 
nourished, anaemia is the rule, the erythrocytes being usually 
reduced to about 3,000,000, with more or less anisocytosis. 
Every type of cellular alteration seems to have been observed in 
this disorder, but, as a rule, what changes occur are not very 
marked. The haemoglobin may be considerably reduced. 

The teeth, especially the molars, tend to become loose and 
carious unduly early, owing to the deficient calcium and phos¬ 
phorus metabolism which deficient thyroparathyroid secretion 
entails, and need the constant attention of tlic dentist, who, as a 
ijile, informs them that they are gouty—with "uric acid*' as 
main cause of the dental trouble—^not a misleading statement 
so far as the "gouty diathesu” is concerned, for it is closely 
Imked also with hypothyroidia. The teeth are also exceedingly 
prone to become tartrons and require frequent cleansing. Where 
the teeth are neglected, as in the poor, they are sapidly lost, 
frequent toothache causing them to be drawn. The gums tend 

u 
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to bleed readily when brushed and to recede from the teeth, 
and are red end swollen unlesa the toilet of the month be 
carefully attended to. 

The deficiem^ of germicidal activity (phagocytic .-and 
humoral) manifesting itself where protection is usuidly quite 
active, i.e., alcmg mucous surfaces, the nasopharyngeal mucous 
membrane is also apt to be congested through the local accumula¬ 
tion of germs, the tonsils showing, for the same reason, a pre- . 
dUection to acute inflammation. The nasal mucosa is often 
found turgescent, owing to passive congestion of the tmderlying 
tissues. This gpves the voice the nasal *‘twang,” but it may also 
be husky or otherwise modifled or veiled, through infiltration of 
the laryngeal mucosa. The singing voice tends to be false from 
the same cause, especially during the menstrual period. A 
'‘crick*^ in the larynx is commonly complained of. 

Deficient metabolism and n^rition accoimt for the general 
asthenia with lassitude and weakness of the knees, which is 
present in practically all cases. Fibrillary motions of the 
muscles and trembling occur in severe cases from the same cause. 
Constipation due to deficient peristalsis is also the rule, and it is 
often sufficiently obstinate to demand constant purgation— 
which tends to increase the inteetinal torpor. Fecal impaction 
is not uncommon. The liver is passively congested and enlarged 
—a fact due to the low general vascular tension which 
explains also the presence of varicose veins, varicocele, and 
kindred vascular disorders frequently observed in these cases. 
They seem also to suffer frequently from biliary or renal calculi, 
a condition due mainly to deficient germicidal activity of the 
blood. The urine is often high-colored and scanty, and occa¬ 
sionally contains albumin, casts, sugar, or blood. 

Flat-foot is sometimes observed, a condition due to tdaxa- 
tion of the interosseous muscular and ligamentous supports; 
foetid hyperidrosis is also marked in some cases. The osseoua 
framework is often defective, "pigeon-breasts,’* narrow chests, 
and a predisposition to caries being common. 

The organs of generation are often the seat of fnnctimial 
disorders. The uterus is often found retroflexed. Impotence or 
loss of sexual desire is common. Ainenorrhesa is commofi, but 
metrorrhagia may also occur, owing to the low vascular tone. 



HYPOTHYaOlDlA. 


181 


particulaTly of the arterioles. In one of mj cases, a girl of 16 
years, tiiere was what the parents termed ‘‘a constant leak,” 
a slight, but continuous menorrhagia. In the male, sperma- 
torrhcea and prostatic hypertrophy are often witnessed. Men¬ 
struation BometimM fails to app^r, especially in congenital 
cases, owing to inadequate development. The menstrual period 
is attended by severe lumbosacral pains. Pregnancy often af¬ 
fords considerable relief of all symptoms, owing to the fact that 
the activity of the thyroparathyroid apparatus is greatly enhanwt, 
though it may be attended by haBmorrhages. Parturition is like¬ 
wise accompanied by copious haemorrhages in a larger proportion 
of cases; such parturients are exposed also to eclampsia, owing 
to imperfect catabolism of toxic wastes. 

Lactation may act in different ways. The pallor tends to 
in some, and oedema, especially of the ankles, anaemia, 
lassitude, and intellectual torpor may intervene and last until 
the infant is weaned. As milk is mainly composed of blood- 
plasma containing adrenoxidase ([as shown by the guaiac and 
other tests), lactation imposes increased wtivity upon the 
adrenals. These organs being weakened by the hypothyroidia, 
wb have seen, all the above hemorrhagic phenomena occur. In 
other cases there is marked improvement during the whole 
period, and the symptoms of hypothyroidia return only after the 
secretion of milk ceases. In occasional cases, the improvement 
is permanent. 

. Hallucinations of sight—as of small animals running 
across the room—and hiring, rumbling noises or running 
water, and various forms of tinnitus may occur. These are due 
to the same loss of vascular tone, and imperfect circulation in 
the sensory organs. 

Melancholia or, at least, an uncontrollable sadness, due to 
deficient nutrition of the cerdirum, is often witnessed m ^ere 
especially during menopause. Maniacal excitement is oc¬ 
casionally observed, owing probably to accumulation of toxic 
wastes in the blood. The mind, even in the milder casw, Js 
usually obtuse, in the sense that they lack saprif, i.e., the ability 
to grasp the finer points of an argument or of a question treated 
in the abstract, but they are not in any way comparable to true 
myxesdematons subjects in this particular, some of whom ap- 




doMly tiw mental atstoa of metina. lake the latter, 
nrwrer, even 4v«ra^ caaea may have tiie arched brov and 
rinkled forehead, tlm expreealooleaB and aonowfnl face, thon^ 
aQ itttenta and jmrpoaes of average cmnmonplace intelligence, 
t idot^ inatanoea, however, none of theae purely myxoedematous 
ati^ ^ be diaeemed and a high grade of int^igence even 
aa in one of my caaea, whoae family—indiiding a high* 
Itjie uabecile brother—and deacendanta ahow distinct traces ot 
m^yipidia. 

; thyroid allorda very little information under jAyaical 
iailnination.in theae caaea. One lobe may fed smaller than the 
iHben, on the patinit bdng asked to swallow, the organ is 
under the palpating flngma; the organ may seem unusually 
aipll, and the nedc unusually ^t; but again, it may appear 
nlai^. . Qn tiie whole, the organic changes era not suc^ in 
Niae'.oainB as to tlia sufficiently the outline of the organ to 
'Oim^ any serions diagnostic aid. 

, tfoai authors refer to the diseaae as one of middle life, but 
hk i^ mi error. This type of hypothyroidia occurs frequently, 
serhave seen, among children, and represent a large proportion 
^:^boae termed **backward” in the schools, and among thou 
ueo^ of being ‘*laay,” **dow,” and "dull.” This applies as 
ed^to adoleBomice, particularly, as in children, in thou who are 
ihil^Dinnally stout All theu casu may not present the qmdiome 
fud ftescribed; it is, in fact, rarely md with in any one cau, but 
tbe gnperfluous fat, the mental torpor, the slow development, and 


tld'^flifioiu teeth are snffieidit to indicate that the oxidatitms and 
aaefa^iam are inadequate. The familiar influence of thyroid 
inmgdstiona mi adipods aim pdnts to hypothyroidia as the 
uhmi^ring cauu of this conditian. It may also assert its 
prasnoe thiongh a few jdienomena of aimiher order in a br^ht 
(9l^ .to*^t: irngolar bony growth, a difdtt scoliosis perhaps, 
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iiei' menonha^ay eftc., Ibi^ liatti 

^Otoar AMD pA|HDU)aY.--Tbe causes of hypothyroidiu 
may be divided into two passes, tbe hereditary and acquired. 

The moet importanl: keredtiaty causes which entail defective 
devnlopment, morpholopcal and .secretory, are syphilis, alcohol¬ 
ism arid the gouty diathesis. Even far back in the parental lines 
on either side, these transmit their influence through the inter¬ 
mediary of the ductless glands, especially the thyroid, adrenals, 
and pituitary body, wtiicb, jointly, in the light of the data sub¬ 
mitted, carry <m oxidation and metabolism and thus constitute, 
BO to say, the tripod of the vital process. The maternal line is 
generally thought to transmit hypothyroidia in the majority of 
instances. It happens that some of the most marked cases I 
haye had were clearly trac^ble onQ’ through the paternal 
ancestry—three generations in one instance. Consanguinity in 
marriage probably owes its evil effects to the presence in the 
family of one of the deteriorating diseases mentioned. Con¬ 
versely, marriage of a girl suffering from a mild type of func¬ 
tional hypothyroidia sometimes brings on recovery if pregnancy 
occurs, tJie increased activity of the thyroid apparatus this 
entails causing it to develop its functional powers to tlie maxi¬ 
mum needs of the subject. That the adrenals are also ovcractive 
under these conditions—thus sustaining fnnn another direction 
my view that the adrenals are stimulated by, and concomitantly 
with, the tiiyroid—-was recently emphasized by the ob8er>'alion 
of Neu,^ who found an excess of the adrenal product in the blood 
throughout the entire period of gestation. 

The acquired form is often due to the identical factor just 
referred to as a curative one in some instances. The repetition 
of pregnancy too many times may not only cause recurrence of 
hypothyroidia by exhausting the thyroid apparatus, but it may 
l&earise do so in a woman previously free of any disorder of the 
ductless glands. Prolonged lactation acts in a similar way, the 
maternal milk serving, we have seen, to protect the nursling 
against infection. Infections diseases, especially those of child¬ 
hood, including the milder onei^ measlre and mump^ and like- 
wise variola and typbmd, may also produce hypothyroidia by 
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causing interstitial and parenchymatous lesions which lead to 
sclerosis and atn^hy. The resulting phenomena axe propor¬ 
tionate, of course, with the degree to which the functions of the 
thyroid are inhibited. These may occur in the midst of the 
disease, the child failing thereafter to grow physically and 
mentally at the normal rate and becoming ‘flabby and pale, and 
showing the typical symptoms of functional hypothyroidia—^if 
not its more advanced stage, cretinoid infantilism. Traumatism 
of the thyroid may also produce it. Amenorrhea, as noted by 
Macfarlane^* may be the salient symptom of the disorder. 

Old age stands apart perhaps from these two classes in that 
it is normal to all living things; but the thyroid apparatus stAids 
pre-eminently, we have seen, as the underlying factor in this 
connection, according to Tiorand,* who traces i^e cause of senility 
back to the thyroid, Yic&r Horsley, Hale White,* Erdheim, and 
others having found this organ atropliied, and containing con¬ 
nective tissue, in aged subjects. This was found to occur as 
early as the fiftieth year in the seventy thyroids examined by 
White. As.noted by Erdheim, the same evidences of degmiera- 
tion appear in the parathyroids. I look upon concomitant 
changes in all tlte organs of the adrenal syston, the thyroid, 
adrenals, and pituitary, as the underlying cause of senility. 

The symptomatology of senility and that of atrophy of the 
thyroid gland present considerable resemblance, as L£opold- 
li6vi** holds to hypothyroidia; the ivrinkled, dry skin, the sub¬ 
normal temperature, the alopecia, the thinning of the eyebrows, 
the loss of teeth, the anorexia and constipation, the diurnal 
somnolence, the suppression of tlie menses and of tiie sexual 
function, the vague muscular pains, the enfeeblement of all 
functions, and the tendency to degeneration, particularly of the 
vessels, being common to both conditions. 

Thsatment. —Small doses of thyroid cause gradual disap¬ 
pearance of the morbid phenomena, while large doses may 
aggravate them. As emphasized by Hertoghe, the actual secre¬ 
tory activity of the thyroid apparatus is an unknown quantity, 
and large doses, by suddenly bringing cm headache, pain over the 
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IddnqrBf articalar, muscular, and hepatic pains and anorexia— 
to .which I would add a rapid pulse, fever, a tendency to faint, 
tremors, and increase of the existing dyspntca—^merely serve to 
frighten the i»tient and cause unjustified condemnation of tlie 
treatment. The treatment should be persisted in for years if 
need be, as emphasized by a case reported by G. E. Price.*'^ 

One grain of the desiccated thyroid gland during meals is 
sufficient to begin with in an adult. This may Iw gradually 
increased until 2-graiii (0.132 Gm.) doses are given. Patients 
seldom stand larger doses well, and these are only warrantisl 
when the prolonged use of the smaller fails to improve the 
patient. Often when improvement is not noticed the fault lies 
with the preparation administered; a change should then be 
made. In mild cas^ one-half of the above doses often suffice. 

When the anaemia is profound, the effects of treatment are 
enhanced by giving desiccated adrenal gland, 2 grains (0.1.32 
Gm.), and a small dose of iron, 1 grain (0.006 Gm.) of Blaud’s 
pill, with each dose of thyroid. Such a small dose of iron does 
not increase constipation, and contributes to the rapid building 
up of the haemoglobin molecule. The three agents can l>e given 
in a capsule. The constipation should receive careful attention. 
High injections of saline solution two or three times a week are 
sometimes necessary in severe cases to evacuate completely the 
lower bowel. This measure may be resorted to the first three or 
four weeks if needed, and replaced by glycerin suppositories 
until a free motion occurs daily. Usually the fourth week of 
thyroid treatment is attended by considerable progress in this' 
and all other directions. Saline aperients are to be preferred 
if purgation per ora becomes necessary. Opiates are harmful. 

MTXtEDElCA. OR PROGRESSIVE HYPOTHYROIDTA. 

In this disease we have the maximum expression of pro- 
greanve hypothyroidia, as it develops after the process of body 
growth has been accomplished, *.a., in the adult. When the 
corresponding disorder occurs during childhood or adolescence, 
it stu^ growth of body and mind and is then known as cret¬ 
inism, treated under the next heading. 
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The marked inhibition of the thyroparathyroid fanctions 
that characterizes this disease is graphically illustrated in its 
symptomatology when these functions are interpreted from my 
viewpoint. The great diminution of the thyroparathyroid 
secretion correspondingly impairs the sensibility of all phos* 
phorus-laden structures, particularly the nuclei of all cells, the 
nervous system, and the adrenals, to the oxidase of the blood. 
There results, therefore, general retardation of metabolism, par- 
ti(^ularly its catabolic phase; this is well exemplified by the 
liypothermal plienomena, the general functional torpor, the 
accumulation of fat, and the extravasation of fluids which .con¬ 
stitute the cutaneous oedema, the latter being due mainly to 
passive relaxation of the peripheral blood-vessels. Wastes, 
detritus, etc., accumulate in the blood also as a result of defective 
catabolism, giving rise to ‘Mieumatic** and cutaneous disorders. 
The dystrophies of various kinds with a marked tendency to 
degenerative processes invariably witnessed in this disorder are 
also normal results of defective metabolism. Considered in this 
light the disease may be defined as follows:— 

Myxetdema is a functional disease due to marked or com¬ 
plete hypothyroidia when the latter occurs after puberty. It is 
characterized by deficient oxidation and catabolism, the main 
symptoms of which are hypothermia, infiltration, and swelling 
of the cutaneous tissues, including those of the face, increase in 
weight, dryness of the skin, marked weakness, and mental torpor. 

Sykftouatolooy and Pathoobnesis. —^The deficient oxy¬ 
genation is well exemplified by the correspondingly depressed heat 
production. These patients suffer almost continuously from 
cold; their temperature, both oral and rectal, being always sub¬ 
normal—as low as 93" F. in some instances—^unless some fever 
be present. In a case observed' by Hun and Prudden, the 
temperature fell steadily until it reached 66" F., before death. 
The least exposure to cold causes the lipe^ nose, ears, and finger¬ 
tips to become cyanotic; hence tiie abundance of covering with 
which these cases are found provided. The extremities are, as a 
rule, cold and often purple or livid. This is partly due, how¬ 
ever, to the cardio-vascular weakness referred to below. 

The deficient metabolism and functional activity is well 
e»mplified by its influence on the cardio-vascular system, the 
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functional torpor of which (partly due to similar condition of 
the Ta80>motor system) gives rise to the pre-eminent symptom 
of the disease: the peculiar oedema of the skin and mucous 
membranes. This phenomenon, which led Ord to designate it 
“myxoedema,” is a "jelly-like swelling,” as he termed it, which 
causes the body, particularly the face and suprascapular regions 
—commonly the seat of cushions or pads—^to become irregularly 
swollen. The infiltrated tissues are elastic, firm, and resistant, 
but do not pit on pressure, as in true oedema, though they 
vibrate under lateral stroking. At first the swelling may dis¬ 
appear temporarily or change situation, but after a time it 
b^mes permanent. The abdominal walls being likewise af¬ 
fected, the abdomen appear^ enlarged and pendulous, with more 
or less projection of the umbilicus, and sometimes ascites. The 
genitalia are similarly tumefied as a rule. The hands arc also 
thickened and sometimes spade-like; the nails are brittle and 
thin, sometimes abnormally curved and ridged, and occasionally 
undergo atrophy. A similar condition may affect the toes. The 
forearms, legs, and feet are also the scat of swellings. 

The skin, its glandular elements and the hair, all show 
clearly the effects of defective trophic conditions. The skin, 
mainly owing to the arrest of its sebaceous and sweat glands, is 
dry, rough, and scaly, though that of the face may be relatively 
smooth. It may desquamate in flakes or in the form of a fine 
powder. Patches of pigmentation varying from yellowish brown 
to the actual bronzing of Addison’s disease (thus affording addi¬ 
tional proof of the participation of the adrenals in the functional 
torpor) are occasionally witnessed. 

The hair also changes in appearance; it becomes coarse, 
lusierless, and breaks easily. Tt is gradually lost, falling out in 
patches, at first where tlie traction attending the use of the 
comb is greatest, i.e., where the hair is parted, the brow, and the 
occiput. The lashes and eyebrows are also lost in part, along 
with the hair of the rest of the body. 

As a result of the cutaneous thickening and infiltration, the 
face becomes coarse, expressionless, and mask-like. The lips, 
greatly thickened, are usually cyanosed and cause the mouth to 
appear greatly enlarged. The color of the skin is yellowish or 
wax-like, a circumscribed patch of redness being present, as a 



188 


THYHOPASATHTBOID OUB&BES. 


rule, below each cheek>bone. The noee is cold, the lip being 
Bometiroes cyanosed; it appears broad and flat through thicken* 
ing of the nostrils. The ears, being in a similar condition, are 
likewise enlarged; the auditory meatus, however, is narrowed by 
its thickened walls, causing more or less deafness. The li^ 
droop over the eyeballs—though ezophthalmus may occur, due 
to primary exophthalmic goiter—causing the patient to appear 
sleepy, while an effort to raise the upper lid is manifest^ by 
elevation of the eyeballs. There is usually considerable lachry* 
mation, due to glandular leakage. 

The mucous membranes being involved, as is the skin, those 
of the mouth and naso-pharyngeal cavities appear pale and 
tumefled. That of the cheeks is indented by the teeth, against 
which it presses, and is sometimes bitten; this applies also to 
the tongue. The teeth tend to decay, and may become black 
within a comparatively short period, owing mainly to defleient 
calcium metabolism, or readily break off and fall out. This is 
greatly aggravated by the recession of the gums and the readi¬ 
ness with which these structures tend to ulcerate and bleed. 
Stubborn stomatitis, witli free salivation, dribbling from the 
comers of the mouth, and erosions of the buccal, pharyngeal, and 
laryngo-tracheal membrane, may appear. CEdema of the larynx 
is not infrequently a cause of death. In some cases, however, 
the whole oral cavity is uncomfortably dry. The entire alimen¬ 
tary canal, down to the rectum, is also more or less infiltrated, 
causing anorexia, gastro-intestinal disorders, and constipation, 
which may alternate with attacks of diarrhoea. There is, as a 
rule, a profound distaste for meat, which in fact is toxic in a 
measure to these cases—as it is in thyroidectomized animals— 
owing to their impaired antitoxic functions. 

The tumefaction of the oml mucous membrane and of the 
palate, tongue, and lips renders enunciation very imperfect and 
jerky; this condition being aggravated by the narrowing of the 
naso-pharyngeal lumen, it gives what voice there is a "nasal’’ 
character. It is also rendered coarse and low, that of a woman 
being sometimes lowered sufficiently in pitch to recall that of a 
man. Approximation of the cords being rendered difficult by 
the tumefaction, speaking sometimes requires considerable effort 
The slow intellection from which these cases suffer—owing to 
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difficult metabolism of the organ of mind—increases greatly the 
trouble they experience in understanding questions and ex¬ 
pressing their wants and ideas, a fact which often renders them 
extremely irritable. Mental disorders are frequent in these 
cases. Total lack of interest in their surroundings, somnolence, 
and amnesia are commonly observed. 

The deficient oxidation of all muscular elements entails n 
corresponding weakness. Great lassitude with exhaustion upon 
the slightest exertion is the rule. Some cases are unable to raise 
the head at all or to stapd. Others lapse into paralysis. Fibril¬ 
lary tremor and muscular quivering are often noticed. T^)oomn- 
tion is tentative, often waddling; missteps are frequent, lieing 
produced by a slight obstacle. The ataxic gait may prevail; the 
motions of the arm are also uncertain and unsteady in suffi¬ 
ciently advanced cases. Although the parathyroids have Ikh>ii 
found sclerosed along with the thyroid in these cases, tetany is 
very rarely observed- -a fact which further suggests the func¬ 
tional unity of these organs. 

Sensation being, as a rule, markedly impaired, while the 
finger-joints are stiffened, the usefulness of the hands is greatly 
compromised. Small objects are held with considerable diffi¬ 
culty, and easily dropped, while such diminutive articles as pins, 
needles, and even small buttons are not felt at all. Tingling, 
formication, and pruritus are often complained of. Although 
cutaneous sensibility is greatly impaired, pain in the musc'Ies 
and joints, neuralgia, and marked headache localized in most 
instances in the occipital region occur in about one-half of the 
cases. These are due to the accumulation of toxic intennediate 
waste products in the blood, owing to the deficient antito.viif 
power of the latter. 

The senses of smell and taste are commonly impairc«l or 
perverted, the patient complaining of foul odors, a bitter or a<’id 
taste, etc. Vertigo is a relatively frequent symptom. The vision 
is occasionally dimmed and optic atrophy has been observed. 
Tinnitus aurium is not uncommon, and the hearing is impaired 
in the majority of cases. 

Haemorrhages from one or more oigans are common. 
Epistaxis, haemoptysis; bleeding at the gums, which may prove 
aevere on extracting a tooth; intestinal, uterine, and even cere- 
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bial homorrhages may occur. Probably the most common, 
however, is menorrhagia. Postpartum hsemorrhages are also 
common in these cases. The menstruation is irregular, as a rule, 
and often ceases altogether until appropriate treatment pro¬ 
cures recovery. This condition is mainly due to the poverty of 
the blood in fibrin ferment, as shown by the prolonged coagula¬ 
tion time, and to the relaxation and pseudo-fatty changes 
(‘^pseudo” because they are temporary) throughout the cardio¬ 
vascular system. It is aggravated by the weak heart action, 
especially in advanced cases, in which the heart is deprived of 
the aid the adrenal secretion affords its muscular elements. The 
pulse is slow and weak and sometimes quite dMcult to locate. 
The via-a-tergo motion of the blood in the peripheral capillarira 
is slowed to a marked degree as soon as the disease has reached 
beyond the initial stage. To this is mainly due, in fact, the 
dense oedema which is the most evident characteristic of the 
disease. 

The specific gravity of the urine varies but little; on the 
whole, however, it is somewhat reduced; but the urea excretion 
is diminished in most cases, and markedly so when the disease 
is advanced. In the latter case, both albuminuria and glycosuria 
(probably alimentary) may occur, but disappear when the 
thyroid treatment is instituted. Casts are also found in advanced 
cases. 

Myxcedema progresses slowly, a case lasting, as a rule, from 
six to twenty years, unless the patient is carried off through some 
intercurrent trouble, which is often the case. Tuberculosis and 
pneumonia are the infections to which they seem to be especially 
vulnerable—owing to the enfeebled condition of their auto¬ 
defensive resources. Nephritis, pericarditis, and cerebnd hemor¬ 
rhage seem to be next in the order of frequency. Periods of 
amelioration sometimes occur, but sooner or later the patient 
relapses into his previous state, and gradually dies of exhaustion. 
Rarely, especially in young adults, the disease may run its course 
in less than six months. 

Acute myxcedema with prompt death may occur as the 
result of sudden arrest of the functions of the thyroid. In a 
case reported by Uoyd, the disease proved fatal in a few days. 
In another instance it occurred as the result of an injury to Ae 
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thyroid. It may appear as a sudden complication of goiter; it 
is probable, however, that under these conditions we are dealing 
with some toxaemia of thyroid origin rather than with true 
myxoedema, since we know that even extirpation of the thyroid 
does not produce death rapidly. 

The thyroid gland is distinctly reduced in size in about 7 .'? 
per cent, of the cases of myxoedema, its outline being liardly 
discernible by palpation in some of these. Conversely, some are 
abnormally large at firsts and may then gradually atrophy 
irregularly, the portion which fails to decrease in size lieing 
resistant to pressure. 

Etiologt. —Women are more liable to the disease to a 
considerable extent than men, %.e., it occurs about six times in 
women to once in men, and it may develop at any time of life, 
though the period between the thirtieth and sixtieth years shows 
by far the largest proportion of cases. There is a marked familial 
influence, some families showing several cases. While hypo- 
thyroidia, alcoholism, and syphilis are likely to be the predomi¬ 
nant parental factors in progressive hypothyroidia or true 
myxoedema, tuberculosis and neuroses arc met with much more 
frequently in the family antecedents of the patient. The main 
causes appear to be rapid child-bearing, the menopause, worry, 
mental shocks, and injuries, especially to the head. Neoplasms, 
fungi, and entozoa capable of destroying or inhibiting a snfli- 
cient area of the gland have also been known to cause the 
disease. 

Pathology. —^The characteristic lesion in the thyroid is 
atrophy, due to the development of fibrous tissue, the glandular 
elements of the organ being reduced in proportion. It may 
follow local inflammatory lesions in connection with acute artic¬ 
ular rheumatism, erysipelas, syphilis, actinomycosis, cancer, an 
acute thyroiditis, local injuries, etc., which serve to destroy a 
part of the glandular parenchyma, and annul in proportion its 
secretory functions. Excessive child-bearing, shock, and the 
menopause can hardly be regarded as causes of an inflammatory 
process, however, and it is probable that we are dealing, in this 
connection, rather with functional exhaustion of the organ, or 
with an endarteritis or periarteritis of its vascular supply. 
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Tbbathbmt.— The nee of thyroid gland in this dueaae, in¬ 
troduced by Mnrray, is rightly considered one of the great steps 
in modem medicine. As in the case of hypothyroidia, however, 
Jarge doses should not be used; this rule is all the more appli¬ 
cable to mynedema in view of the marked relative weakness of 
the subjects. Again, exertion of any kind ^ould be avoided 
while taking thyroid; two of Dr. Murray’s cases died of syncope 
during active exercise taken too early after a prolonged treat¬ 
ment, though it must be said that he used larger doses than are 
now recommended. One grain (0.066 Qm.) of the desiccated 
thyroid, three times daily, suffices to begin with; this dose may 
be gradually increased Yi grain (0.033 Gm.) until S grains 
(0.132 Qm.) are given at each meal, and until the temperature 
is raised .to normal. If this is exceeded the dose should be 
reduced to 1% grains (0.099 Qm.) or less. The pulse diould 
also be watched, an increase of fifteen beats indicating the need 
of reducing the dose. 1 prefer these divided doses to the single 
daily, but correspondingly larger, dose recommended by some 
observers, as the latter has seemed to me to increase the likeli¬ 
hood of untoward effecte. Cases vary considerably in this 
respect, however, and the tolerance of each case iffiould be care¬ 
fully studied. The patient should spend his time in an arm¬ 
chair during the day, at first, if possible, in the open* air, ^d 
begin to walk around only when his temperature and pulse 
become normal. 

> T^ effect of the remedy is to muse gradual disappearance 
'of all the morbid symptoms, but if its use is discontinued they 
as surely return. Two grains (0.132 Qm.) daily suffice, how¬ 
ever, to perpetuate the recovery in most instances. Before the 
introduction of the thyroid treatment, the disease was fatal in 
practically every instance. Gating of thyroid is now used 
successfully to prevent the ne^ of constantly taking thyroid 
gland. The measure is described on page 200. 

When the asthenia is marked and the heart, as is usually 
the case under these conditions, is considerably dilated, a small 
dose of digitalin, grain (0.0033 Qm.), three timee daily, or 
the desiccated suprarenal gland of the U. S. P., or, better, the 
pituitary g^and, 1 grain (0.066 Qm.) during meals, gi^y 
hastens the curative process. 
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INFANTILE MYXOBiDBMA, OR GRETINI811 

Altiiough cTetinism ia, like myxoedema, due to loss or im* 
pairment of the functiouB of the thyroid apparatus, its sympto¬ 
matology differs in many respects from that of myxoedema, 
because, as previously stated, it occurs during tlie period of life 
when growth and development physical and mental, are most 
active, i.e., between birth and puberty, whereas myxoedema in¬ 
cludes only cases that occur after puberty. In cretinism we 
witness' the results of d^ective oxidation and metalralism of 
cellular proteida and fats at a time when the building up or 
anabolic phase is exceptionally active, and, as a result, arrest of 
physical and mental growth. The following definition seems to 
me to include the main features of the disease:— 

Infantile myxadema, or cretinism, is a functional disease due 
to marked or complete hypotkyroidia during the period between 
birth and puberty. It is due to deficient oxidation and is char- * 
acterized by retardation of physical and mental development, the 
main symptoms of which are: stunted growth, the cretinic facies 
with fattened nose, thickened lips and tongue, a harsh skin, and 
more or less advanced idiocy. 

STurroMATOLOGT AND PATHOOENBSis^Thc disease may 
develop tfi utero, but it is seldom recognized before the first 
month. The attention is drawn to the child through the fact that 
it fails to grow at the average rate either physically or mentally. 
Its tongue is then noticed to be unusually thick—sufficiently so, 
in some instances, to project beyond the lips at all times, fill the 
oral cavity, and interfere with tiie respiration when the child lies 
in the recumbmit position. 

Closer examination then reveals the symptoms witnessed in 
adult myxeedema. The **jelly-like swelling” of Ord, coupled 
with the yellowish, urhite, or waxy pallor, the rough, dry, and 
scaly skin, so unlike that of a normal child, is clearly defined, 
thfti^ the puffy face retains some of its smoothness. The 
fontemdles remain patent unusually long. The features of the 
cretin are, as a rule, repulsive, though pitiful. The swollen, 
often wri^led brow; the puify lids, which reduce the watery 
eyes to mete slits; the *Wdlo-back,” or depressed, nose with its 
wide and thick aim; the swollen, erect ears; the large and drooling 
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tongae between thick lipe^ and the aged appearance oonatitate a 
pictoie which canaea all cratana to reaemble one anothN:, and 
which one ia not apt to foigei 

Again do we meet the eridencea of deficient metaboliam and 
nutrition. The hair ia thin, bat coarae and brittle, the eyebrowa 
and ^elariiea bring alao acant and often abaent. In aome caaea 
the hair may be thick, bat likewiae coarae and deprived of loater, 
reaembling tow in texture rather than human hair. The naila 
are very riiort, thin, atreaked, and brittle. The teeth, which may 
be repreaented by a few ahorp pointa, aa in a teething infant^ an 
irregular and tmid to early decay, the aecond dentition, which 
often faila to occur at all, being long delayed at beat, the teeth 
being no leaa liable to caries, and no lesa ill-ahaped, than their 
predeceaaora. 

The body and extremitiea ahow not only arreated develop¬ 
ment, but the effects of imgularity in this morbid proceas, the 
different parte of the body, the bones especially, showing con- 
eiderable disproportion. The trunk, though small as compared to 
the head, may be relatively massive, the back arched at the waist¬ 
line and perhaps scoliotic, the abdcnnen, on the other hand, 
projecting forward considerably, with, often, an umbilical 
hernia. Gonveraeiy, the legs are short and more or lesa bowed; 
their cutaneous covering having developed to a greater degree 
and thickened, it forms folds which tend farther to distort these 
membera. The same perveniona of local growth exist elsewhere, 
but to a leas evident degree. The hands are broad,' spade-like, 
'and the fingers pudgy and stiff, a condition reproduced in the 
feet, the toes of which are kept apart by the thickened skin. The 
Bupraclavicular region ia uanally the seat of thick pads, which 
aometimes encircle the nec^ filling the depreaaion between the 
latter and the shouldrae. When a goiter is present, as is usually 
the case in the endemic form—though the gland is practically 
functionless—the distortion of this region of the body is striking. 

The driective oxidation due to the inhibited ^yro-adrenal 
functionB is wril shown by the subnormal temperature, the cold 
surface, the extremitiea bring sometimes livid, and the marked 
diminutitm of nitrogen excretion. The blood-pnasure ia cor¬ 
respondingly lowered both owbg to the deficiency of the adrenal 
product, which deprives the blood-vessels of its direct tone- 
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sniBttiiiiiig effleet, and became the rate of metabolism in the 
cardio-Taacnlar muscles is sloired. Both these factors and the 
ever^inesent annnia cause general vaso-dilation and low tension. 
All muscular elements in the body being influenced in the same 
way, the dluld is weak, walks in a wobbly, dow, inco^)rdinate 
way, and, in some instsncei^ is quite unable to stand or to sustain 
its Wd, whidi then droops on the chest 

A similar condition of the muscular coat of the intestines 
practically prevents peristalds, with inveterate constipation as 
result, the ^wds being relieved only by an occasional outburst 
of diarrhoea, unless appropriate measures, enemas, purgative, 
etc., are resorted to periodically. This ultimately leads the 
patients to realise that semifluid or fluid food is alone well 
borne by the child, which has to be fed with a spoon, the whole 
alimentary canal from mouth to anus being much in the same 
condition as the skin—i.e., deprived of much of its normal 
fluids—another source of constipation. 

The genital organs, both the ovaries and testes, remain 
imperfectly developed, though not necessarily infantile. Occa¬ 
sionally the gmital organs are hypertrophied and the sexual 
instincts are enhanced. Their oApring tend to be feeble¬ 
minded, however, and are liable to excessive mortality. Men¬ 
struation often fails to appear, or is scanty; or it may be 
profuse, and even hsemorrhagic, owing, as in myxoedema, to 
deficiency of adrenoxidase in the blood and to the imperfect 
coagulating power this entails. Epistaxis and bleeding at the 
gums are also commonly observed. 

The urine shows but little change, though the urea ex¬ 
creted is below normal. In very marked cases, albumin and 
hyaline casts have been found periodically, doubtless owing to 
the autointoxication resulting from retained excreta in the 
intestinal canal. The thoracic and abdominal or^ns do not 
seem to be involved in the morbid process. 

The mental state of the child depends upon the severity of 
the case. In some it is not hot removed from what Boesch has 
termed a '‘human plant,*’ even the intelligence common to the 
higher animals-being wanting. The child fails to recognise its 
paienia or aity person about it, or even a person from an object, 
and nothings even toys, interests it in the least It neither weeps 
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nor laughs. It is absolutely apathetic, sits quietly without 
manifesting any special wants. It may, howerer, show signs of 
hunger or thirst, either by crying like an infant or by grunts 
or inarticulate sounds. In a higher grade, a few words may be 
spoken, there is recognition of parents and familiar faces and 
even a show of affection for them, but beyond the limited 
vocabulary no progress can be made, even the alphabet being 
beyond them. Still higher grades may speak fairly wdl, be free, 
though slow and deliberate, in their movements, etc., but fail to 
develop thereafter, even if they attain old age, which is not often 
the case. 

The brothers Wenzel have divided these cases into three 
classes: the cretins, who are unable to speak, and lead a purely 
vegetative life; the semi-cretins, who are simple-minded, but 
whose language is limited and imperfect; and the cretinoids, who 
are endowed with some intelligence, but show the physical signs 
of cretinism. There is mother type, the mongolian, called thiis 
because of their slanting eyes, which closely resembles the cretin 
of a higher order, but this type shows more intelligence and sddom 
yields to the effects of thyroid preparations. 

The thyroid, in about two-thirds of the cases, is more or less 
atrophied, to sudi a degree in some that it cannot be detected by 
palpation. In the remaining third, and usually in the endemic 
cases, there exists a more or less developed (sometimes volumi¬ 
nous) goiter. 

EriOLoav.—It becomes necessary in this connection to dis¬ 
tinguish between the two general classes, endemic and sporadic 
cretinism. 

Endemic cretinism, often a family disease, and observed in 
a number of cases in special localities, is believed to be due to 
some chemical substance or micro-organism peculiar to the waters 
available in those regions. 

This t}’pe has been connected with special localities by 
proofs from various directions. Not only is cretinism common 
in these regions, but normal individuals may, on moving to 
them, have cretinic children therein, and normal children in 
healthy regiona Again, animals from the latter were found tc 
devdop goiters (the preliminary causa of endemic cretinism) 
in the cantaminating districts by drinking their water, while this 
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water carried afar to healthy localities and given to dogs as solo 
beverage also caused goiter in these animals. Whether it ia a 
mineral salt, a v^etable mold or some other patiiogenic micro¬ 
organism is not established, but for the time being the germ 
theory seems to prevail. 

The question of heredity in .these cases is a debated one. 
We have seen under “hypothyroidia” that syphilis and alcoliol- 
ism tend to leave their imprint upon the thyroids of descendants. 
Some oppose this view in respect to cretinism on the ground that 
the positive signs of cretinism only appear when the child is 
weaned, and contaminating water is given to it. But this is 
obviously wrong: Cretinism can readily be detected in a child 
one month old and earlier by observers who are thoroughly 
familiar with the morbid effects of hypothyroidia. The latter 
condition in the mother is also well known to result in hypo- 
thyroidia in h«r offspring—a fact which brings us back to any 
maternal defect inherited, such as hypothyroidia, syphilis, 
alcoholism, etc., that may be present as ^e origin of tho hypo¬ 
thyroidia in the child. In other words, there is at present no 
sound foundation for antagonism to the prevailing view that 
endemic cretinism may be congenital in a certain projmrtion of 
cases. 

Sporadic cretinism, which has also been termed "cretinoid,” 
or "myxeedematous, idiocy/* and "cretinoid pachydermia" occurs 
in any country, in localities that are entirely free from cretinism, 
and in healthy families. It is mainly due to some lesion of tho 
thyroid caused by an acute febrile disease or some intoxication 
capable of inhibiting or arresting its functions, either before or 
after birth. 

How a general infection can produce such lesions in the 
thyroid is admittedly unknown. From my viewpoint, it finds its 
explanation in an autodigesiive process similar to that which 
occura in the pancreas under certain conditions. As previously 
stated, I have attributed to the thyroid secretion properties 
similar to those of Wright’s opsonins, a view recently sustained 
by Maib^ and Stepanoff, at the Pasteur Institute. The antitoxic 
and antigerm conrtituents of the blood circulating in the thyroid 
(and parathyroids, which may alro be the seat of similar lesions), 
it is obvious that undue accumulation of thyroid secretion in the 
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oq;an itself will oTenenutue ite own paiendijrma or its TaacnlAr 
elements or both, and render them Tulnerable to^proteoljsia— 
along with any germ or.tozin that may be present in the organ. 
The antodigested areas are replaced by fibrous tusne, and a 
process of cirrhotic atrophy ia started which sooner or later 
annuls the functions of the organ. 

The disrases which have shown themselves to be the most 
frequent causes of sporadic cretinism are typhoid fever, scarla¬ 
tina, pneumonia, and pertussis—tiie identical series which 
proves most prolific in the genesis of the infantile encephalop¬ 
athies, anotlmr source of idiocy, but in which the cerd)ral 
lesions are the direct pathogenic factors. 

PiTHOLOGT.—The end lesions are the same in both forms. 
In the endemic form there is a marked proliferation and over¬ 
growth of interstitial tusne or connective tissue, causing both 
enlargement of the gland—^iter—and obliteration of the gland¬ 
ular tissue. Some glandular tissue usually persists; even this 
remnant, however, shows evidences of degenerative change. 

The symptomatology of both forms indioites dearly, we 
have seen, that defident oxidation, metabolism, and nutiition 
underlie the resulting general physical phenomena. This ap¬ 
plies as wdl to the mental phenomena, symmetrical arrest of 
development affecting more or lees all the elements of the 
brain. There are occasionally found localized lesions of the 
nature of infantile cereibropathiee, porencephaly, etc., but it is 
probable that these are concomitant changes rather com- 
‘ponents of the typical picture of cretinism par as. Briefly, we 
are dealing with arrested nutrition and development of the brain 
as a result of the absence of the secretion whicdi sustains these 
fundamental processes. 

Tbbaticbkt.—B efore tlw introduction of thyroid gland in 
the treatment of this distreesing condition, there was practically 
nothing to be done. While its use must be ocmtiwied, relapse 
(excepting the body growth) occurring invatiaUy without it, 
tiiough, as a rule, with mucdi less intcmsity, the fact remaks 
that the changes produced in the child, particularly in sporadic 
cases, are truly marvelous. As early development of the dmease 
inhibits the mottal development accordingly, , the later in child¬ 
hood it appear^ the better are the results of treatment* in so far 
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IS the intdligence is concerned. The physical restoration is not 
materially influenced by the age at which the disease flrst ap¬ 
peared. Children grow with surprising rapidity in some 
instances^ over one inch per month in some cases, until the 
normal stature of the correspcmding age is reached. The brain 
responds more slowly; but considerable intelligence is gained, 
though it does not reach, as a rule, that of normal children. 
Th^ learn slowly and devdop only very gradually their vocab¬ 
ulary. They should be gently assisted in this direction. 

When ^e thyroid treatment is instituted the case should be 
carefully watched, as the tolerance varies greatly in different 
children. They should be kept from any violmit exercise lest 
heart-failure occur. Another important reason for this precau¬ 
tion is the fact that the growth of the skeleton is so rapid that 
the bones tend to soften, and, therefore, to yield and bend. The 
tibia and fibula are especially meposed; braces should be applied 
to offset this tendency if it shows itself, until the normal height 
of a child of a corresponding ago has been attained. Syrup of 
calcium lactophosphate of the U. S. P., one teaspoonful or 
less, according to the age, is a useful adjuvant to thyroid gland in 
this connection. This is accounted for in the opinion of Parlion 
and Papinian*^ and others, based on many published facts, that 
the thyroid gland plays an important rdle in the assimilation of 
calcium. Thymus gland 5 grains (0.3 Gm.) f. ». d. is also useful. 

Large doses are not only dangerous, but they inhibit the 
l)eneficial process. Again, it must be remembered that the thyroid 
active principle is cumulative in the sense that the organism will 
utilise a certain quantity—which varies with each case—and 
that any excen may prove toxic. This stage may bo reached 
early in one instance and late in another. I have seen it pro¬ 
duct in three weeks with 2-grain (0.132 Qm.) doses; con¬ 
versely, in a case reported by Freund in a girl of 14 years, 0 
grains (0.396 Gm.) daily in divided doses caused a sudden rim 
of temperature to 104* F., a pulse of 160, nqtid breathing, and 
death the next day, tiwugh she had been taking the same agent 
nineteen montin. The danger gignede are rapid pulse, vertigo, 
general weakness, pains in ^e bade and limbs, syncope, and, if 
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the intoxkatioii be severe, namea and vomiting, a marked rise of 
temperatnre, and collapse. When any untoward efl^ occurs, 
cessation of the rem^y a few days soffit Th^ are mote likely 
to appear when the prqwration need is old, a fact which sng- 
gests that it may. ha^« imd^gciie pntrefactive changes when 
long kept.; , 

' ^ infant can be |;iven grain (0.033 Qm.) daily of 
desionted ihymid, and a child of 2 years, twice daily, and older 
children thrice daily, or 1 grain (0.066 Gm.) can be given at 
dinner and another on retiring. 1 have never seen such doses 
produce untoward effects, the recumbent position after the 
second doa^ as urged by Murray, preventing them. When it is 
necessary to increase the dose, the patient should be seen fre« 
quently. As .much as 6 grains (0.33 Gm.) have been given three 
times, daily with aallto; but it must be remembered that the 
preparatkms noiw ayail^e aije better and more efficacious. The 
preparation I now use is Burroui^e, Wellcome & Co.*s standard¬ 
ised desiccated j^d substance (in tabloids), which contains 0.3 
per emit, of iodine in organic combination. Cretins usually 
stand larger doses than others. A good guide in them is the 
temperature, which tends to rise to normal; as a rule, the dtoe 
that will do this suffices to bring about the desired ^results. 
When this is attained, 1 grain (0.066 Gm.) on retiring suffices 
to prevent recurrence. But it must not be n^lected; otherwise, 
the disease will qeitainly return. 

The. younger the patient, the more marked the improvement, 
as a rule. In adult cretins, the results are meager if any at. all 
are ,(Adain^^ The improvement is much more nuu^ed in 
sporadic than In endemic cases, owing probably to the fact that 
up to the onset of the causative disease physical and mental 
growth Imd proceeded normally. In the Mongolian type, the 
thyroid treatment is nselsaa. 


Grafting of thyraid.-tjbsi|^. to render the constant use of 
|WpMtotiaif> fliHii iw j! [iP! 7 )»“ tried by various 
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very nmnerotis; that they be iiuerted in very vascular subcu- 
taneouB cellular tiaaue, and that only human thyroid be 
employed. This makes it possible to obtain small grafts from 
a removed goiter containing areas of normal tissue, and to 
transplant them into the cretinous subject. The tissue can be 
kept alive an hour in physiological saline solution. A very 
sharp instrument should be used to cut the grafts to avoid 
crushing them. They are then introduci'd in kHu. where they 
gain a perfect foothold, becoming perfect thyroid parenchyma. 
More recently, Charrin and Cliristiani’* obtained good results 
with sheep's thyroid. Six months after the operation, the 
patient (a case of operative myxeedema) became pregnant, and it 
was found that each graft became enlarged, in keeping with the 
physiological process which occurs normally in the gland ]iroper 
under similar circumstances. Christiani'* rt'ported distinct 
improvement in GO per cent, of his cases, which included 
myzoedema, cretinism, dwarfism, etc., remarkable results in :M 
per cent., and no result in 6 per cent. The most striking results 
were in the various types of cretinism. 

MYXtEDEMATOUS INFANTILISM. 

This disorder, first attributed to the thyroid by Brissaud. 
resemble cretinism very closely, but its retention as a separate 
class is warranted by the fact that the arrest of development 
manifests itself mainly by the persistence of the charucteristics 
of childhood, physical and mental, without the evidenc-cs of 
true idiocy, and often without dwarfism. The thyroid appara¬ 
tus, either throu^ inadequate development of congenital origin, 
organic lesions, especially sclerosis, acquired in the course of 
acute infections during infancy, or from some other cause, is 
unable to supply enough of its secretion to subserve the newls 
of both metallism and growth (which involves an excess of 
metabolie activity), and tlie latter ceases, while nonnal mctalio- 
lism, enough to sustain the vital process, continues. 

STMPiOMATOLoaT AND Patiiooenesis. —^The worst cases, 
in which myxeedema predominates, are virtually instances of 
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crctiniam of a mild type. The patient is short, thick set, and 
obese, though ehild-like in shape, and may look old for his age. 
The face appears bloated, rounded, pale, and wax-like, a reddish 
patch, being sometimes present below the cheek bones. The nose 
squatty and pugged, and the mouth large; the latter is usually 
ojKm,—a fact accounted for by the almost invariable presence 
of adenoids, hypertrophy, and infiltration of the nasal mucosa 
and tonsils. The tongue, as in the cretin, may be thickened 
and the lingual tonsil likewise, rendering speech thick and diffi¬ 
cult. The hair may be profuse, though coarse and lusterlcss, 
but almut the eighteenth year it begins to fall in patches, 
leading, in most instances, to alopecia. In most cases hair fails 
to grow on other parts of the body. The skin is tense, owing to 
infiltration, and is also dry, because of deficient action of the 
cutaneous glands, and it feels rough and scaly to tlic touch. 
Pruritus is often complained of. 

The teeth remain infantile, ns a rule, and decay early. 
The abdomen is unusually {)rominent and hard in all cases, 
owing, mainly, to the stubborn constipation which causes reten¬ 
tion of gas and fsvees, the latter being only voided in some cases 
by engorgement and to relaxation of tlie abdominal muscle. 
The constipation is also mainly due to the loss of tone of the 
intestinal muscular fibers and the paucity of succus cntericus. 
Enuresis is commonly observed. Although the respiration is 
apparently normal there is deficient oxidation; the e.\tremitics 
are cold and arc readily affected with chilblains in cold weather. 
The face and extremities may even be cyanotic and the patient 
complain of constantly feeling cold. Actual hypothermia is a 
common feature of these cases. The part played by the thyroid 
in this phenomenon is well shown by the fact that Beebe’* found 
that *‘by the administration of thyroid to a cretin or patient 
with myxisdema it is possible to increase the absorption of 
oxygen from 20 to 75 per cent.” 

The difference between this form and true cretinism lies, 
as stated, in the fact that idiocy does not occur. The child may 
not be bright or even normally intelligent, having been slow to 
talk and shown deficiency at school, particularly in spelling, 
grammar, and arithmetic, but it is, ncvertlieless, quite able to 
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hold its own for all ordinary needs; the face, in fact, unlike that 
of the cretin, bears an expression of intelligence. Yet the 
intellect retains the characteristics of childliood, both as to ideas, 
judgment, and emotions, a patient of twenty years, for example, 
preferring the company of children below ten to that of young 
men of his own age. These patients may show a proclivity to 
lie, steal, start fires, etc., especially when under the evil intluenee 
of designing normal individuals. Any unlawful act they may 
contmit is due, in most cases, more to lack of judgment and 
inability to resist suggestion and a desire to please others than 
to an inherent proclivity to crime. Others are exciUdde, 
turbulent, and rough, and frequently break anything that is at 
all fragile; here, again, the element of willful harm is absent, 
muscular tremor and inability to prevent movements of the 
hands or lingers—as in athetosis—being the underlying cause 
of the defect. 

The heart is excitable, a slight emotion siifllcing to cause 
violent "palpitations” and tachycardia. This is mainly dm* to 
a deficiency of adrenal secretion. Dilatation of the heart fmm 
the same cause is often witnessed. The veins also show a 
marked tendency to dilate, the veins of the cxtremitii's and tlie 
Iwmorrhoidal veins particularly. Varit'occlc may also exist.. 
In a case seen through the kindness of Dr. W. Egliert Hobcrtsnn, 
a sprig of thick veins spread upwanl over the mons veneris and 
coincided with undeveloped testicles and total absence of bair 
over the genitalia, in a young man of twenty years. Ifa'ino- 
philia is frequently noted, an indirect result also of the 
hypothyroidia, since thyroid gland given orally counteracts 
hsemopliilia by increasing the coagulation time. Epistaxis, 
menorrhagia, and metrorrhagia are also observed in some <'as<*8, 
the two latter phenomena where menstruation has developjil at 
all, which is often not the case, coinciding with non-development 
of the breasts and pubic hair. The penis and testieh»8 often 
remain rudimentary even when the male reaches full adult age, 
and his general shape and high-pitched voice recalling those of 
a woman. 

In a still higher type of infantilism the signs of myxoMlcma 
are hardly discernible. The growth may even cx<-eed that of 
the average individual. Such cases are usually plump and even 
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portly; as in the preceding form, the abdomen tends to be largd, 
but the limbs are well rounded, recalling those of a woman, with 
fair skin, a high-pitched, or infantile, voice to complete the 
resemblance. The face, azillse, and pubis are free of hair; the 
penis and testicles small and rudimentary. Mentally "he is 
simply an overgrown child,'* wrote Mcige,^* who gave us a close 
analysis of these cases, "'rhese children, who should long 
l>cforc have reached the reasoning perio<l of their lives, play with 
toys,' laugh at a childish prank, cry for practically nothing, 
become angry as readily, are subject to ridiculous frights, and 
call their mamma under the influence of the le^ emotion.” 
In the average case, however, this truly infantile type—recalling 
the behavior of a child of but two or three years—^is better 
exemplified by one of seven or eight years, though he be perhaps 
actually beyond his twentieth year. 

The feminine attributes are sometimes very marked in the 
male, the breasts, thighs, and general conformation resembling 
closely those of the female, constituting the "feminine” type. 
In the female, in whom infantilism occurs less frequently, the 
body preserves the attributes of childhood, i.e., it fails to 
undergo the normal changes of puberty. Though tall, perhaps, 
the body shows no development on sexual lines: the breasts 
remain small and flat, no hair grows in the axillm or over the 
pubis, the trunk remains cylindrical, and tlie hips and nates flat. 
The uterus and its adnexa also fail to develop, and menstruation 
fails to appear. Some cases tend even toward the male sex, 
constituting "masculinism,” the voice, tlie physical outline, 
assuming a masculine type. 

Diaonosis. —From this type, which belongs essentially to 
the domain of the thyroparathyroid apparatus, must be distin¬ 
guished several types which do not. 

Lorain Type of Infanliliam .—In a type described by 
Lorain, in 1870, the dwarfism is symmetricarin the sense that 
the ultimate products are symmetrical, miniature men—^thia 
form being practically always observed in the male. No myxoe- 
dematouB symptoms are present; the genitalia are usually normal, 
though the pubic and axillary hair is wanting, and notwith¬ 
standing their diminutive stature and their slender physique, 
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their facial appearance and expression, and their intellij^iiec 
are ueually quite up to the average. Tltey depart in no way 
from their fully developed fellow-men, in fact, except in the 
stature. Aa shown mainly by Meigc,'^ this type is not due to 
thyroid insufficiency, but to anangioplasia, ie., defective develop¬ 
ment of the arteries and premature ossification. It is usually 
ascribed to parental hereditary syphilis, tulwrculosis, alcoholism, 
and other debilitating disorders. Thyroid preparations in this 
form are of no value. 

Mongolian InfaniilUm .—This type is characterizod by 
Mongolian features, and particularly the slanting cyiHt. 'riu’s«> 
features occur at birth, and are not traceable to syidiilis, tuber¬ 
culosis, alcoholism, etc., as4to the Ix)rnin tyiH', but ratber to 
prolonged deliveries—which account in some cast's, at least, fi>r 
the flat skull or bulging forehead—or to strong mental emotions 
during pregnancy. They are not morose or torpid like tiic 
myxoedematous cases and are usually amiable and well bohaveil. 
Curiously! enough, all show a marked pre<lil(X‘tion for music and 
signs of unusual development of the niusit'al sense. 'I'lic tongue 
is usually quite thick and heavy, and the hands square and Hat, 
the latter accounting for the clumsiness which charactcrixcs all 
those cases. They usually suffer from some chronic ri'spirntory 
trouble, and are apt to die early of some intcrcurrent infection. 
Their undeveloped size, their Mongolian facies, the bulging 
forehead, and their feeblc-mindcdncss render the recognition of 
these cases quite easy. Thyroid preparations an; of no avail. 

Achondroplasia, or FteM Itirkets .—This ty|H; of dwarf, 
unlike the myxoedematous type, does not show mental deficiency, 
but many of the characteristics of cretinism: the relatively large 
head, the saddle nose, the short and bowed limbs, the prominent 
abdomen, and the marked lordosis. But the arms and legs arc, 
unlike the other types, which all show some degree of syinini-try, 
entirely too short for the body, the finger-tips never rea<-bing 
the level of the hips. Again, the long bones are usually bent 
and deformed. The skull is unduly dcvcloi)e<l and is out of 
proportion with the face, which is then made in appear small. 
The eyes, lids, and tongue may resemble greatly tbose of tlie 
cretin, but the hair is normal and usually abundant, and the 
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skill soft and well nourislied. These characteristics, the fact 
that the mental faculties are quite normal, and the ineffective- 
ness of thyroid treatment render the identification of achon¬ 
droplasia quite easy. 

Treatment. —The only measure of any value in myxoe- 
dematotts infantilism is the use of thyroid preparations. The 
treatment recommended for cretinism being as applicable here, 
the reader is referred to page 198. The younger the patient, 
the greater are the chances of improvement. After puberty has 
been reached, the results, in so far as the mental status is con¬ 
cerned, are seldom satisfactory. 

THYROID HYPER^IA THYROIDITia 

This is a very important disorder mainly because of its 
causative influence upon the conditions just reviewed, e.g., 
hypoparathyroidia, myxeedema, and cretinism, and the whole 
gamut of morbid effects of deficient functional activity of the 
thyroparathyroid apparatus. It is generally recognized in its 
acute form when the infiammatory phenomena are very 
marked, but, unfortunately, it is not only in this class of cases 
that lesions in the organ arc provoked. The structure of the 
thyroid is such, and the quantity of blood circulating through it 
is so great, that a higli blood-pressure, such as that which occurs 
during high febrile processes, is sufficient to produce areas of 
interstitial hemorrhage in the interlobar connective-tissue 
spaces, which form as many sclerotic areas wherever the damage 
done has been sufficiently great. As nature provides an excess 
of thyroid tissue over and above the needs of the organism, how¬ 
ever, inhibition of a proportion of the gland below this limit 
may prove harmless, but if the sclerosis happens to exceed this 
limit the result is a more or less marked hypothyroidia (or 
hypoparathyroidia if the parathyroids are involved, which is at 
least sometimes tlie case) corresponding in severity with the 
proportion of thyroid tissue sacrificed. Indeed, we have seen 
that in all the disorders treated so far in the present chapter 
sclerosis of the thyroid, with its resulting atrophy, was by far 
the most prominent pathogenic lesion. 

The graver condition, acute thyroiditis, is fortunately oom- 
para^ivdy rare. Moreover, while simple hyperemia, even when 
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attended by interstitial hseniorrhage, is seldom recognized, acute 
thyroiditis is attended by severe local and general phenomena, 
which make it possible to identify it early, to meet it therapeu¬ 
tically and avoid disastrous results. Acute inflammation of the 
thyroid—apart from that due to the presence therein of goiter, 
cancer, etc.—^is usually provoked by invading bacteria in the 
course of infections, notably: diphtheria, typhoid fever, scarla¬ 
tina, measles, parotitis, tonsillitis, erysipelas, pneumonia, per¬ 
tussis, dysentery, rheumatic fever, piierpcral fever sepsis, 
orchitis, and influenza. It has also been attributed to the action 
of poisons, constituting what has been termed “to.\ic thyroiditis”; 
iodine and the iodides have also been known to cause it along 
with other signs of iodism. In these inflammatory disorders 
the glandular tissues undergo marked changes, including (Impia- 
mation and degeneration of the epithelium, besides the intersti¬ 
tial sclerosis met with in tlie form previously deserihed. If the 
area thus affected is large, the functions of the gland may 
become sufficiently impaired to constitute marked hyiM>thyroidia, 
which, we have seen, may, in children, arrest general develop¬ 
ment of both the body and mind. Shields*" witnessed an 
instance in which thyroiditis lasting one week hn] to complete 
atrophy of the organ and to typical cretinism. In a case rc])ortcd 
by Bonney**" the left lolie was converted into an abwrss cavity. 

Symptomatology. —^Thougli capable of doing consiilcrablc 
injury to the gland, the acute hypeiu'inia attending infiK-iioiis 
diseases gives rise to few tangible phenomena, i.e., slight swell¬ 
ing of the neck, sensitiveness to pressure, and; perhaps, slight 
pain during deglutition. Unless looked for, they will sehloni 
be discerned, as they do not cause sufficient discomfort to attraet 
the attention of the patient. 

In acute thyroiditis the onset, usually usIicnMl in by a chill, 
is generally sudden; the most marked symptom is difficulty In 
swallowing with, sometimes, neuralgic pain which radiates 
widely in various directions, the ears and neck, even to the arms 
and occiput; this is sometimes very severe, particularly during 
deglutition and on moving the hcatl from side to side. If the 
whole gland is involved and the swelling, which is often the 
size of a hen's egg, id marked, severe dyspnoea and even cyanosis 
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may occur, owing to preasuie of the inflamed organ upon the 
trachea. Faralyaia of the recurrent laryngeal may occur and 
produce hoarsenesa and paroxysms of suffocation, but the 
hoarseness and cough are more likely to be due to involvement 
of the larynx in the inflammatory process. CEdema of the 
glottis may also occur, as in cases reported by I^wis and 
O’Neill.” 

The identity of the inflamed organ is readily established 
by causing the patient to swallow, when the tumor will rise, 
provided the head is not bent backward, which will immobilize 
the organ. Headache is often present and epistaxis occurs some¬ 
times, owing to pressure of the enlarged thyroid upon the 
cervical veins and the passive cerebral congestion this produces. 
Carotid pulsation has also been observed by Broca. The surface 
of the organ is sometimes quite congested. There is more or 
less fever during the acute stage; it is sometimes quite high 
notwithstanding tlic absence of suppuration—a fact which is 
ascribable to the cxcrasive production of thyroiodase. Tachy¬ 
cardia independent of temperature has also been noted by 
Parisot.*® As observed by Jeanselms, the coagulating power of 
the blood is greatly increased. The morbid process lasts, as a 
rule, but a few days, tlie swelling subsiding completely in most 
instances. Occasionally a certain amount of enlargement may 
persist. Forty per cent, of the cases terminate in resolution, 
i.e., without suppuration. 

When an abscess is formed the course of the morbid process 
is more protracted. A single abscess rarely occurs, the glandu¬ 
lar mass being studded with numerous purulent foci, which, if 
close one to the other, tend to run together. Each abscess tends 
to break through the adjacent soft tissues, including the skin. 
The trachea and oesophagus may therefore be invaded by a 
purulent stream when rupture occurs, liletastatic abscesses may 
also appear in the cervical cellular tissue. When spontaneous 
rupture occurs tlirough the skin, or when the abscess is surgi¬ 
cally evacuated, the inflammatory process recedes rapidly. 
When, however, it is left to itself, the purulent infiltration of 
surrounding parts may give rise to serious complications, by 
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inrolTinc^ besides the trachea and oesophagus, referred to above, 
the mediastinum, the pleura, and the lungs proper, causing septic 
pneumonia, and also the large vessels of the neck and cliest and 
thus causing pysmia. Thyroid abscesses bleed readily and are 
sometimes the source of severe capillary ha;morrhage8. 

Chronic ihyroiditia may follow the acute typo, cither through 
])crpetuation of the infection in some small portion of the gland 
or the formation of a sinus which fails to Iieal. In the majority 
of instances, however, it occurs concomitantly with chronic 
processes, such as syphilis, tuberculosis, echinococcus cysts, acti¬ 
nomycosis, etc. The prognosis in these cases is less favorable 
than in the acute form, since more or less impairment of the 
functions of the organ follow the destructive action of the 
abscess upon the glandular tissues owing mainly to the fibrous 
induration it entails in various parts of the organ. Both the 
acute and chronic types are prominent causes of hyiMithyroiilia 
W'ith its long train of morbid results, ranging from crelinisni 
tlirough its many modalities to the milder types of myxoalemn 
described. 

Diagnosis. —In the acute form, the incrcascil volume of tlie 
gland, which sometimes becomes greatly enlarged in a few 
hours, the sensitiveness to pressure, and the radiating pain, all 
loeated in the region of the thyroid, coupled with the fact that, 
on swallowing, this organ, i.e., the seat of all these acute symp¬ 
toms, moves up and down, render the diagnosis quite easy in 
Well-marked cases. When, as is often the case, the inllainination 
is unilateral, especially if oedema of the tissues prevails, it may 
resemble mastoiditis or parotitis and has, in fact, often been 
taken up for the latter disease. Its connection with a mobile 
structure on the other side of the neck, however, renders the 
differentiation possible. If abscesses form, fluctuation is some¬ 
times discernible. (Esophageal abscess in the neigblMirbootl of 
the thyroid furnishes much the same symptoms, but the mobility 
of the gland during deglutition makes it possible to identify it 
as the seat of abscess. 

Treaturkt. — ^'riie prevention of acute thyroiditis, even in 
its milder forms, is an imporflint feature in this lonnwlion, 
when we consider its pernicious effects upon development of the 
child and upon the general welfare of the individual at all ages. 
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As previoiuly stated, the main cause of the lesions is the ezoess- 
ive proteolytic activity of the intrathyroidal plasma, owing to 
the identity of the organ as the source of the substance which, 
as I have pointed out, is the homelike at least of Wright’s 
opsonin—t.s., the thyroiodase. The presence of bacteria in the 
thyroid brings to it, as elsewhere, all the defensive constituents 
of the blood, both fluid and cellular. The excess of opsonins 
increasing the vulnerability of the thyroidal tissues to the pro¬ 
teolytic activity of these antibodies, however, these tissues yield 
readily to the^destmctive action of the latter. The aim, there¬ 
fore, should be to prevent this complication in the course of 
febrile infections. 

Two measures of value are at our disposal in this connec¬ 
tion. The first of these is the local application of cold. The 
thyroid should be carefully watched for any complication, and 
if it becomes sensitive or swollen, or the patient complains of 
pain in the thyroidal area, cold compresses should be applied 
over it. The effect of cold is to reduce local temperature and 
through this the activity of the proteolytic enzymes which the 
antibodies of the blood contain. In other words, it is not 
bacteria which do the damage, but the excessively active germi¬ 
cidal substances they invite into the gland, and by reducing this 
activity with the aid of cold the excets of digestive power is an¬ 
tagonized. That the bacteria are less violently attacked under 
these conditions is obvious, but it is far better to allow the blood¬ 
stream to transfer the germs elsewhere in the body for destruc¬ 
tion, t.e., to the general circulation, where their destruction can 
proceed without compromising the integrity of any tissue so 
vital to the welfare of the body as tbc thyroid. 

The second measure is the free use of physiological saline 
solution, either by the mouth, rectum, or subcutaneously, to 
reduce the viscidity of the blood. Not only does this counteract 
excessive proteol3rtic activily of the antibodies which underlies 
their destructive action on the thyroid and other tissues and 
cells—the underlying causes of hssmolysis and autolysis—^bnt it 
facilitates osmosis and therefore the circulation through the 
thyroid, whidt has been fittingly compared by B^rard to a 
sponge, so replete is it with blood. Another advantage of the 
use of saline solution is that, as shown elsewhere (see page 1367 ), 
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it enhances the activily of the autoprotective process while 
facilitating the renal elimination of toxins or tlie end>producta. 

The treatment of acute thyroiditis likewise includes the 
use of the above measures besides tlie remedies the causative 
disease warrants. One feature of importance in tliis connection 
is that a high blood-pressure is a pernicious feature of the dis¬ 
orders; vascular depressants, such as cliloral hydrate and vcrutnim 
viride, preferably the former, therefore, are of considcr^le value. 
J. C. WUson has shown that chloral hydrate can be used advan¬ 
tageously to reduce the peripheral congestion and general distress 
in scarlatina. As this and other c.\anthcmnta are relatively 
frequent causes of acute thyroiditis, it may safely be employed 
to counteract this condition. 

Surgical measures often become necessary. According to 
Kocher**: **The presence of pus is difficult to demonstrate and 
premature incision must be avoided. If necessary, the gland 
itself should be exposed. If incision of the abscess is not fol¬ 
lowed by rapid recovery, the presence of multiple abscesses 
should be suspected: Fistula points to extensive necrosis. In 
such a case the affected half of the gland must be excised. 
Partial thyroidectomy may also be considered in cases of 
thyroiditis that have become chronic and in chcniicotoxic 
Ihyroiditis.” In the chronic thyroiditis attended by hypo- 
thyroidia, thyroid gland should be given, and the actually dis¬ 
eased part removed surgically, especially if dyspnoea is present 
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CHAPTER V. 


DISEASES OP THE THYROPARATHYROID 
APPARATUS {Continued). 


DISORDEES DUE TO EXCESSIVE ACTIVITY OF THE 
THYROPARATHYROID APPARATUS. 

OvuBACTiTiTY of the thyroparathyroid apparatus, in keep¬ 
ing with the opposite state, described in the preceding chapter, 
has been identiGed by numerous terms, the most used of which 
are pseudo-Graves’s disease, aberrant or larval exophthalmic 
goiter, incomplete Basedow’s disease, forme fruste de la maladic 
de Basedow, hyperthyroidism, and thyroidism. The first five of 
these were based upon the fact that all of the phenomena were 
reproduced in exophthalmic goiter, of which the disorder is, in 
truth, a mild type. The absence of the major symptoms: 
exophthalmuB and goiter, however, so readily misleads the clini¬ 
cian into erroneous diagnoses that the tendency of modem 
olwcrvers is to distinguish this milder type from true exoph¬ 
thalmic goiter, i.e., to regard it as an autonomous syndrome, 
in which the cardinal sympt(Hns mentioned above are not sug¬ 
gested. Hence the terms “hyperthyroidism” and “thyroidism.” 
As stated in the preceding chapters, however, tlie terminal “ism” 
appears to me to suggest tlie presence of a habit rather than a 
morbid process subject to treatment. I prefer the tcmi “hyper- 
thyroidia,” tlierefore, which, besides covering this feature, 
harmonizes with the terminals previously used. To simplify 
the term, it is not made to include the parathyroids, though, as 
in hypothyroidia, it must be understo^ that these glandules 
are deemed functionally associated with the thyroid proper in the 
process to be described. 

HYPERTHYROIDIA. 

(Paeude-Gravea'B Dimue; “aberrant" or “lairal" Exophthalmic Goiter; 
forme fruste de la Maladie de Basedow; Incomplete Basedow’s 
Disease; Hyperthyroidism; Thyroidism.) 

By the above term is meant tlie aggregate of symptoms 
which excessive activity of the thyroparathyroid apparatus 
( 212 ) 
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awakens when ihe cardinal aymptoma of exophthalmic goiter, 
exophthalmuB and goiter, are missing. There are still, partic¬ 
ularly in Europe, a few observers who deny tliat exophthalmic 
goiter is due to excessive activity of the thyroid. But tlieir 
opinion is based only on a few experimental facts which do not 
stand close scrutiny. Clinical medicine and surgery, on tlie 
other hand, backed up by many expermcntal data,, plead over¬ 
whelmingly, however, in the opposite direction. “The whole 
structure of the surgical treatment of Q raves’s disease,” writes A. 
E. Elliott,* “rests upon the theory of hyperthyroidism, and, if 
it be not true, then the hundreds of thyroidectomies which are 
now matters of record remain without justification. The strik¬ 
ing influence over fhe disease, which follows a well-executed 
partial thyroidectomy, famishes evidence in favor of the tlicory 
of hyperthyroidism, which is so direct as to be apparently 
irrefutable. The results of thyroid feeding supply evidence 
which is hardly less conclusive. The administration of thyroid 
gland substance, or thyroid extract, is capable, if given in sufli- 
cient amount, of inducing a toxic state which in almost every 
essential is similar to Graves’s disease.” That it can thus bo 
caused both in man and in the lower animals, has been observed 
by Notthaft, Edmunds, and others. “An artificial state of 
hyperthyroidism is thereby produced,” also writes Elliott, “which 
duplicates almost in full the morbid syndrome. Even the 
characteristic exophthalmic symptoms have been observed after 
thyroid feeding by Auld, BdeUre, and others, and Ednuin<l8 was 
able to induce proptosis, widening of the pal])chral fissure, and 
dilatation of the pupils in six monkeys by this means, even 
after excision of a portion of the cervical symjiathetic.” That it 
is the iodine of the thyroiodaso which produces it, is also shown 
by the statement of Kocher that excessive iodide treatment is 
responsible for the development of exophthalmic goiter, in more 
cases than is generally recognized, the form pro<lucc«l being a 
severe one. 

As to the manner in which such marked phenomena as those 
witnessed in hyperthyroidia and its aggravated form, exoph¬ 
thalmic goiter, by an excess of thyroid secretion, it must bo 
frankly stated that the existing confusion is eliminated when 

*KUIott: Asmt. Jour. Msd. Sd.. Sept., 1M7. 
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the functione of the thyropaiathyroid apperetne are interpreted, 
in keeping with the conclusione sabmitted in the third chapter, 
(1) that the thyroiodaee austaina oxidation and both phaaee of 
metaboliam—anaboliam and cataboliam—^bjraenaitizingorincreaa- 
ing the inflammability of the phoaphoroaof alltiaauea—^including 
the adrenala and their center and nervea—^to the action of adreiioxi- 
daae, and (S) that it participatea through thia aame aenaitizing 
action upon all waatea and other eliminable refuae materiala in 
the blood and acavcnger cclla, in the auto-protective functiona of 
the body, both in health and diaeaae. Theae two functiona once 
thoroughly apprehended, we ahall find that the clinical hiatory 
t)f thcac caaea ia not difficult to underatand. It ia perhapa un- 
neceaaary to atate that the aymptomatology of hyperthyroidia 
illuatratea only the phenomena due to exaggeration of metabo¬ 
liam, and that the increaaed immunizing activity which it entaila 
givea riae to no individual phenomena. 

While, aa conceded above, there ia ground for the recognition 
of hyperthyroidia aa a aeparate ayndrome, the fact remaina that 
ita etiology, pathology, aymptomatology, and medicinal treat¬ 
ment are practically the same aa thoae that obtain in exoph¬ 
thalmic goiter. It ia unnecessary, therefore, to treat the former 
under a aeparate head, the reader being requested to look upon 
hypothyroidia as less severe symptomatically than true exoph¬ 
thalmic goiter, and as presenting neither ita two cardinal aigna; 
exophthalmus and goiter, nor its progreasivc lethal trend, unlese, 
as is often the case, it lapses into thia severe form. 

EXOPHTHALMIC GOITER. 

(Parry's Disease; Graves's Disease; Basedow's Disease.) 

deferring to this disease, in the earlier editions of thia 
work,' 1 advanced the view that it was in conjunction with the 
adrenals that the oreractive thyroid gland provoked what I 
regarded as the aihenic or first stage of the disease, my conclusion 
to this effect being: ^^Exophthalmic goiter is due to over¬ 
activity of the thyroid and adrenal glands, and to the exag¬ 
gerated tissue oxidation this entails.” We have seen that the 
labors of Kraua and Friedenthal, Kostlivy, and Hoakina have 
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sustained this view. 1 also concluded at the time, that the stage 
of the diaeaae (not always reached because of recovery or death) 
which simulate myzoedema entailed also adrenal insufficiency, 
the condusion submitted being: **The asthenic or second stage 
of exophthalmic goiter is due to exheustion and functional 
insuflBciau^ of the thyroid and adrenal glands, as a result of 
their prolonged overactivity during the sthenic stage/’ Here 
we have familiar clinical facts besides those of myxoetlema, to 
sustain my position. Thus, raferring to a case in which the skin 
had assumed "a peculiar bronze color,” W. Maephan Semple” 
expressed the opinion tliat there might “possibly be some more 
intimate connection between Graves’s disease and Addison’s dis¬ 
ease than has been so far acknowledged”; Hirschlaff* also re¬ 
ported a case due to fright in a girl, in w'hich “there was 
extensive brownish pi^pnentation”; von Schrottcr” likewise ob¬ 
served a case in which “patches of dark-brown pigmentation were 
found over the entire body.” In truth, we are dealing wiUi a 
not-infrequent symptom of the disease, and recognized as such 
by classics, which clearly points to involvement of the adrenals. 

We must not, however, as has been done, construe this as 
meaning that I “consider Graves’s disease to be the result of 
excessive suprarenal activity, while myxoedema is due to the 
opposite condition, adrenal insufficiency.” My position is speci¬ 
fied in the two conclusions quoted above. Were the adrenals 
alone active ‘in Graves’s disease, its symptoms could not be 
distinguished from those evoked by adrenal overactivity, treated 
in the preceding chapter. Acting conjointly with the thyroid, 
however, the latter introduces factors that are directly traceable 
to it: dhe marked-emaciation, for example, due to the rapid 
consumption of the body fat in this disease, as well as in certain 
adipose subjects treated with thyroid. I have pointed out the 
influence of the adrenals on oxidation. Now Magnus Levy, 
Salomon and also Stqyrer found that the respiratory cxchangeit 
were increased from 50 to 80 per cent.”* in Graves’s diseaec. 

Tet this does not mean that the influence of either organ 
may not predominate in proportion aa its relative efficiency is 


■Saaipto: Bristol IMIao-Clilnirglcsl Jcmnsl, Juno, 
«lllfsehls«; Mt (. kiln. UoS., 8d. sssri. H. M 
MToa aehrtttw: MsairiolsriM IQlBlk. April S. USi 
‘'latsraal as CT Story Orgsoa.*' P> *Si VU. 



niTiidPAitAfliTRoib msttAsafL 


die 


superior. Thus, Washburn,' in a test of my contention that the 
adrenals take pdrt in the process, writes: *"rhen we should 
expect high blood-pressure during a considerable part of the 
clinical course, that is, during the period of adrenal overactivity,” 
and he givM 160, 170,160, and 200 mm. Hg observed by him in 
four cases as proof of the correctness of my postulate. While 
this is perfectly true, and, as observed by Spiethoff,'’ Morris and 
Edmunds," and others, there is a tendency toward a moderate 
rise of hlood-preBBure, the fact remains that in severe or advanced 
cases, contrary to what we should expect under the influence of a 
marked excess of adrenal secretion in the blood, there is a re¬ 
markable dilatation of the arteries of the entire organism with 
pulsation in the liver, spleen, capillaries, etc. Why should this 
occur? As we shall see, this is due to the action of the thyroid 
secretion, which, exaggerated, offsets that of the adrenal secretion. 

And it is between the thyroid and tlie adrenals that the 
symptomatology flnds its elements. The exaggerated secretory 
activity of both organs being synchronous, we have merely a cor¬ 
respondingly exaggerated expression of their normal functions. 
Thus, if the thyroid fimctions exceed those of the adrenals, we 
have vasodilation and a more or less marked depression of the 
blood-pressure; while if the adrenals predominate there is a rise 
of blood-pressure such as that observed by Washburn. The pres¬ 
ence in the blood of an excess of adrmialin, in fact, has, since I 
urged tlte participation of the adrenals in Graves’s disease, been 
demonstrated by Kraus and Friedenthal," and also by A. 
Praenkel."* 

When fully developed, however, it appears to me that:— 

Exophthalmie goiter is a constitutional disease due to ex- 
eessive functional activity of the thyroparathyroid apparatus, 
and to the resulting dilation of dll arteries which the excess 
of thyroparathyroid secretion causes by producing excessive ^os- 
phorus oxidation (and elimination as PjO,) in dR Hssuss, in¬ 
cluding the vascular muscles and the depressor nerve. 

Fatkogbmesib and STMFTOMATOioaT.—A s recently stated 
by Biedl" ^'Graves’s disease is the direct ou^me of the flooding 
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of tlie organism with thyroid substances." But from my view* 
|K>int, the clinical and therapeutic sides of the question render it 
advantageous to recognize three stages; 1, the Hthmic or ereihic 
stage, during which the overactive tliyroparalhyroid apparatus 
causes excessive sensitization of the phosphonis of all tissues to 
oxidation, and, therefore, abnormally active cellular metabolism ; 
2, the transitional stage, during which the overworked thyroi<l is 
iM’ginning to be restrained by the gradual formation of sclerotic 
an-'as and atrophy and, 3, the asiUenic or myxa'ilematous stage, 
during which progressive fibrosis and atrophy increasingly inhibit 
the functions of the organ and finally cause the patient's death. 
The general vasodilation, though an important feature of the 
process, is incidental, and, as previously stated, subject to 
lluctuations. 

Stiiknic or First Stage. —^ITnder ‘niyperthyroidia" we 
have seen how clearly the excess of thyroiodase enhances all 
cellular activities—driving the cell to death, as it were, 'riiat 
the thyroid secretion and extracts increase tissue oxidation is 
generally recognized, but unlike the oxidation j»rodiMs‘<l by an 
excess of adrenal secretion or extract there occurs, under the 
infiuenee of the thyroid secretion, phosjdmric iwid metabolism 
and excretion, ujion which Chittenden” had laid stn'ss, Tliis is 
a feature of the action of thyroid proilucts u|»on all phospluwus- 
containing structures, which stand out even more prominenlly 
in the clinical history of exophthalmic goiter than in the milder 
hyperthyroidia. The brain and nervous system arc espix-ially 
rich, as well known, in this clement. The influence of the exews- 
ive thyroid activity, therefore, is shown by the greater agitation, 
restlessness (children being unusually irritable), hallucinatitms 
of sight and hearing, capriciousness or unusual gayety in the 
sthenic stage, which not infrequently includes also pseudo- 
hysteria, dqlirium, and even mania. Nervous disorders are so 
evident in the disease that the latter has been considered by many 
excellent authorities, including Putnam, as a neurosis. Tremors, 
especially marked in the upper extremities, but not infr»piently 
involving even the muscles of the back and of the whole borly— 
felt, as indicated by Maude, by placing the hands on the patient’s 
shoulders while he is standing—are practically ubiquitous in 
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iJieae cases. Even the voice may become strident and tremulous. 
Choreic moTements (which may replace tremors in children), 
local cramps^ muscular spasms, and even epileptic convulsions 
arc classic, and hy no means rare, symptoms of the disease. They 
denote undue erethism in the cerebrospinal axis and the periph¬ 
eral nerves, and explain the excessive excretion of PjO,. The 
unduo carbohydrate metabolism noted hy Kraus, Ludwig, Chvo- 
stek, and others are hut additional expressions of the same factor. 

Wo cannot ascribe to the thyroid secretion per ae any more 
than to the thyroid preparations in common use the powerful 
oxidizing power this denotes. It is here that ^‘oxidizing fer¬ 
ment” of the blood, i.«., the adrenal secretion con\-erted into 
adrenoxidase, comes into play. Indeed, concomitantly, we find 
the evidences of increased oxidation. While a rise of tempera¬ 
ture to 100* or 101" is the rule, some cases show a tendency to 
an acute febrile state, as observed by Gilman Thompson in a 
scries of 70 cases, the fever reaching 104* P. and continuing 
sometimes several weeks, and recurring every now and then. 
Few diseases, in fact, furnish c.\amples of such temperatures. 
In a case observed by Rendu,’® it reached in the course of one 
of these exacerbations 110* F., remaining two days between 107* 
and 110* F. The patients often complain bitterly of a sensa¬ 
tion of warmth, of **burning flushes,” especially when pruritus 
and sweating, both due to excessive metabolism in the skin and 
sweat-glands, are present. The increased demand for food and 
fluids betokens the intense rate of metabolism to which the 
tissues are subjected; indeed, polydi^ia and bouli'mia arc 
common. Yet, emaciation proceeds; the thyroiodase, by in¬ 
creasing the vulnerability of the nucleus—also rich in phos¬ 
phorus—of all fat cells to oxidation by the adrenoxidase, finally 
consuipes all reserve fats; then follow nitn^nons tissues, whose 
cell nuclei are likewise rich in phosphorus. 


T^ tascular phenomena, referred to above, and others they 
ente^,|i^ due, as stated in my definition, to this excessive oxida- 
iimt Jli^ btaal^g down of all organic phosphorus, including that 


of vaaifV^ and nerve cells, and piarticularly Ludwig and Cyon’s 
depreai$||^ known, causes general vaso¬ 


dilation a^l 




^-pressure. Cyon found, moreover. 
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Uiat thyroid extracts excite the depressor nerve, an effect which 
the action of thyroid on the phosphorus of all colls explains. 

The vascular dilatation may affect all the arteries of tlie 
lK)dy and be sufficiently marked to cause pulsation of all the large 
arterial trunks^ most marked at the carotids and transmitted 
to the capillary system. It explains many, now obscun*. phenom¬ 
ena that attend the disease. The tendency to ha'inorrhages in 
the mucous membranes and skin is doubtless duo to the fact that 
the dilated arterioles admit blood into tlie capillaries in excess 
of the volume the venules can readily carry off. nenco, the 
flushing of the skin, the hsemorrhagic areas in the mucous mem¬ 
branes, the epistaxis, the coffee-ground emesis, the subcutaneous 
extravasations of blood which, as in PopofFs case,'’ may attain 
huge dimensions, the telangiectasis, and, indeed, the gangranc 
(xcasionally witnessed. To tlie vasodilation may also be ascrilK'd 
the oedemas often observed in the eyelids and legs, the fugitive 
swellings of the face, neck, arms, and joints, none of which are, 
of course, beneficially influenced by thyroid treatment. A dis¬ 
tinct “whirr” may be heard in some cases over large vessels, as a 
result of the unusual volume of blood circulating through them. 

The thyroid is, as a rule, only mo<lcrately enlarged, and its 
greatly dilated vessels likewise give rise to a distinct whirr under 
auscultation, while palpation elicits a thrill. During the. first 
stage tile goiter is relatively soft, and yields under pressure. 

Exophthalmos, commonly the first sign (sometimes unilat¬ 
eral), belongs, when not mercly-apparent, i.e., due to retraction 
of the eye-lids, to the same vasodilation of depressor origin, the 
vessels behind the eye-ball, especially of the reteo-bulbar venous 
plexus, becoming greatly engorged. Here also we have dilatation 
of tlie arterioles, which admits an excess of blood into the tissues 
drained by this venous plexua. At first the exophthalmos 
fluctuates with the vascular dilatation, and may even be caused 
to disappear temporarily by pushing gently on the eye-balls. 

no recession occurs owing to the local deposition of fat 
and connective tissue. , . 

Stellwag'e sign (in realitydescribwl it 
twenty years earlier), retracimh of' the lids, also finds its 
explanation in this vascular dilatation: the palpebral muscle 
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receiving an excess of arterial blood, it is unduly spastic, in 
keeping with other muscles of the body. This applies also to 
Graefe’s sign: lagging of the upper lid when the eye-ball moves 
downward; its muscle being spastic, it cannot carry on its 
movements physiologically, that is to say, synchronously with 
those of the eye-ball. This spastic state may, in fact, be dis¬ 
cerned by means of L. Napoleon Boston’s signer The head 
being firmly braced, tlie patient is directed to follow as high as 
possible with his eyes the operator’s liand, raised upward, start¬ 
ing from the level of the patient’s chin about three feet away 
from his face, then brought down again. The upper lid will be 
noticed to follow the pupil downward a short distance, then to 
stop, when what the author terms a “spasm” occurs before it 
resumes its downward course. The dependence of both Stellwag’s 
and von Qraefe’s signs upon so fluctuating a factor as the cir¬ 
culation is shown by the fact that they may vary from day to 
day and tliat they arc not constant. 

The tuchycanlia, one of the cardinal signs of the disease, 
in the light of these facts, is an expression of the febrile process, 
Imt only in part, for it peraists even when the temperature is 
practically normal. The erethism of the central nervous system 
and of the nerves themselves, including the accelerator nerve, 
provoked by excessive oxidation in tiiem, being taken into ac- 
rount, however, the abnormal pulse-rate finds its normal explana¬ 
tion even without the presence of a febrile state. Especially 
must this be the case in view of the fact that the myocardium 
itself is rendered hyporcxoitable by the blood overladen with 
thyroiodasc and adrenoxidase it receives. The cardiac symptoms 
of the disease, extreme irritability, distressing violent palpita¬ 
tions, with loud valvular sounds, especially marked at night, and 
even endocanlitis, betoken the presence of such a condition of 
the entire cardiac mechanism. In children, in whom the disease 
develops rapidly, as a rule, the cardiac signs are often the first 
to appear. 

The respiratory phenomena are closely allied to the cardiac, 
in that the respiratory muscles, including the diaphragm, are 
also rendered supersensitive by the excessive oxidation to which 
they are subjected by the blood, and the irritability of the nerves: 
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the phrenic, the respiratory nerve of Bell, the vagus, etc., they 
receive. The chest muscles being craniped,,their excursions are 
restricted, and the air intake is correspondingly reduced. That 
the bronchial muscles are likewise contracted, abnormal'y re¬ 
ducing the caliber of the air channels, is probable. These two 
sources of diminished respiratory capacity suffice, it seems to me. 
to explain the sensations of suffocation or dyspnoea so often 
observed in these cases. As is the case with the tachycardia, 
this dyspnoea is subject to crises, during which the n-spirations 
become extremely rapid, sixty a minute, sometimes, ns observwl 
in two cases by Sharp.” This observer noted that “opium had 
a marvelous action in slowing the respirations.” As siiown in 
the second volume, page 1272 of this work, opium, from my 
viewpoint, produces its effects by causing constriction of the 
arterioles—thus opposing precisely the muscular bypcrteniia to 
which I ascribe the abnormal effects. 

The alimentary canal is morbidly influenced by the same 
process, congestion and irritability of the gastric mucosa and 
muscular coat predisposing to emesis. A similar condition of 
the intestine is the underlying cause of diarrhtea. The liver, 
spleen, and lymph-glands are often, found enlarged. Thu 
hyperaemia of all organs moreover gives rise to a general malauie 
or sensation of discomfort, the sensory terminals of all nerves 
being rendered irritable. 

Various complications may occur, most distressing of 
which is ulceration of the cornea and loss of vision, thmugli loss 
of protection of the lids and imperfect lachrymation and lubrica' 
tion of the ocular surface. 

Some cases of exophthalmic goiter recover spontaneously, 
though very gradually; others suddenly enter into a rapid «lown- 
ward course, which W. G. Thompson has compared to malignant 
endocarditis, for which disease it is frequently taken. A very 
rapid, tumultuous, and irregular heart action; hyperpyrexia; 
dyspnoea with labored breathing; vomiting; diarrhoea; htemor- 
rhages and ecchymoses; marked eongestion and enlargement of 
the liver; delirium; stupor, and coma. In most cases, however, 
the tjrpical symptoms of hyperthymidia are replaced by a period 
of apparent quiescence—^the transition stage—and then lapse 
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into thoM of hjrpothyroidia, the nonnal tennis moihid phMSen 
of progreMive exophthalmic goiter. 

Transition Stags.—hat appean to me to be entitled to 
this deeignation is a period in the conne of the dieeaae when 
there occurs apparently considerable impromneni The skin 
ceases to be abnormally moiety the heat fludies, the sensation of 
heat and the fever disappear, and the skin loses its suffused ap¬ 
pearance, and may even become pale. The tremors and nervous 
irritability, and even the mental aberrations and emotionalism, 
are replac^ by a gratifying placidity; the tachycai^a greatly 
lessens, though reawakened by exertion. The emaciation tends 
also to disappear, and the patient, though weak, may even draw 
a tendency to corpulence. On the whole, he appears to his sur¬ 
roundings greatly improved and even on a fair way to recovery. 

If the goiter be examined with due care at this time, it 
will be found, at least in most instances, to have receded, and 
to have lost somewhat of its rounded shape. Its former softness 
still remains in some places, but in others nodular masses or 
bosses can readily be detected by passing a finger over the mass, 
and exerting slight pressure. The meaning of this is self- 
evident : the goiter is undergoing atrophy owing to the sclerotic 
areas with which it is now studded, and the transition stage is 
that period of the procem during which the normal tusues, i.s., 
what remains of them, are just able to sustain the metabolic 
equilibrium—although the latter is further compromised by the 
deficiency of cdlular phosphorus following its excessive oxidation. 
The time finally arrives when the toyroid secretion produced is no 
longer sufficient and the case then enters into the:— 

Xatiirate or Myxeedematous State .—^In this stage, reached, 
as previoudy stated, if cure or death does not occur early in tiie 
course of the disease, we witnett the results of exhaustion of both 
the thyroid and toe adrenals with fibrosis of the former. The 
recognition of this fiict is important, for, while thyroid prepara¬ 
tions are very harmful in the first stage, as many reported easel 
show, thqr may be useful whmi myxeedema has appealed. Durihg 
the . transition period the change is so rapid in some easls that 
certain symptoms of both exophtoslraic goiter and myxesdeMa 
may occur together, tlm case lapsing ultimately into myxosdema. 
In textbooks its lymptomi, unrecognised, ire prmnlsoiKinily 
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meigtd in.wifli tboee of ezophthalnuc goitor. In a caae wit- 
ncned by 80 Smet>** the transition followed pranatnxe-labor, 
the goiter alone xenuMning of the first disease. The exoph- 
thahnns may also peiaisi 

The myxoedematpus phenomena indade most of those 
reviewed under Hyzeedema, t. 0 ., the manifestations of hypo- 
thyxoidia and hypoadrenia, and, as previously shown, ti)e 
symptoms of impaired oxidation and metabolism these condi¬ 
tions entail. They are, briefly: hypothermia, sensation of 
coldness, obesify with a non-pitting, rough, dry skin; supra¬ 
scapular swdlings or pads, loss and coarseness of hair, brittleness 
and ridging of the nails, prediqtosition to onychia; various 
cutaneous disorders, leucoderma, scleroderma, vitiligo, brown 
pigmentation, etc.; mental torpor, depression, and irritability. 
There is intense weakness, especially of the legs, with occasion¬ 
ally a tendency to tabes-like paralysis, hemiplegia, or muscular 
atrophy, which may b^in during the sthenic stage. There is a 
, tendency to greater heart weakness and dilatation than in 
ordinary cases of myxoedema, owing probably to exhaustion of 
the cardiac muscle during the sthenic stage. If the patient is 
not carried off by some intercnrrent duease, cachexia supervenes 
with a tendeimy to fainting spells and heart-failure, the usual 
cause of death. 

Enlabged Thticus as Cohflioatino Factor. —^The thy¬ 
mus sometimes assumes considerable importance in the patho- 
genesiB, pathology, and prognosis of exophthalmic goiter, and 
may even assume the leading rdle. Both Halsted** and Kocher 
hold that these cases are mcceptional, the former surgeon having 
met about 20 in a series of 600 cases treated by him; others— 
von Haberer, for example—deem them more frequent than is 
generally supposed. The fact remains, however, that the thy- 
•mus has been found persistent in about 82 per cent, of the cases 
ot exophthalmic goiter examined post mortem in subjects in 
whom death had been due to intercurrent diseases^ and that out 
of 138 recorded patients who had died during or soon after an 
operation on the thyroid, ligation of arteries, lobectomy, etc., for 
exqtbfhrilmic goiter, Haiti** found that 76.6 per cent, had an 
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ununally large thjmiu. According to Capdle Hie propottion 
is 96 per cent Snch cases ue a sonrce of great anxiety to the 
attending physician. Death may not only occur sodde^y dur¬ 
ing any of the operatiTe procedures on tiie thyroid, but several 
days after the operation or even when the patient is aj^arently 
convalescent 

Although Halsted statesi, and doubtless correctly, that the 
characteristic features which most of these cases present are 
great emaciation, dilatation of the heart, sweating, diarrhoea, 
relatively slight exophthalmus, not excessive tachycardia, small 
goiter, aud frequently a peculiar grayish, bronze-hued skin, my 
own experience has been that it is difficult to identify these 
cases through this aggregate of phenomena. The clinical history 
of many personal and report^ cases of exojdithalmic goiter 
shows, in fact, that these symptoms may occur irrespective of 
any participation of the thymus in the morbid process. Yet the 
presence of this group of symptoms suf^ts pointedly thymic 
influence and the importance of establishing tiiis feature of the 
pathogenesis on a firm basis, since the presence of a persistent 
thymus in a case of Graves’s disease increases greatly its malig¬ 
nancy, and often calls for surgical intervention. 

There are a few symptoms that stand apart from the 
typical Graves syndrome which facilitate materially the recogni¬ 
tion of thymic influence. When the goiter is small and the 
possibility of pressure symptoms from this source is eliminable, 
dyspnoea on exertion with a sensation of pressure behind the 
manubrium is suggestive. It is this symptom which, suddenly 
aggravated, may end in death, after an operation on the thy¬ 
roid. The patient may then of a sudden gasp for breath, 
become cyanotic and violently excited, then lapse into uncon¬ 
sciousness and promptly die. Dysphagia with a sensation of 
impediment, the patient referring to a 'lump” also bdiind the 
manubrium, may likewise be complained of. The superficial 
veins of the chest or neck may appear abnormally dilated and 
prominent An X-ray examination and duUness over the thymic 
area will probably indicate the presence of a persistent tiiymus, 
which, finnly wedged behind the hard and resistant manubrium, 
p r o aa oo more or leas upon the underlying blood-vemls and 
nerves. It is to this pressure tha^ from my viewpoint, these 
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Bympte ma ' dioald bef ascribed* the anatomical xdations being 
gnch as to account for them. 

An important feature which I hare never seen mentioned 
in this connection* is that the size of the thymus varies greatly 
with the quantity of food ingested. Thus, what has been con¬ 
sidered as atrophy of the organ in infantile marasmus is in 
reality a contraction of the sponge-like organ, which may readily 
be produced by starvation. Again, any condition' capable of 
raising the vascular tension may so congest the gland as to in¬ 
crease its volume materially. Hence the temporary aggravation 
of the dyspnoea, dysphagia, etc., under tlie influence of exercise, 
a copious meal, etc. Were all symptoms due to a thymic toxi¬ 
cosis they would be continuous, as arc, in fact, some of those 
enumerated by Halsted,—^marked emaciation, dilatation of the 
heart, sweating, etc. 

How is thw thymic toxicosis produced? This feature of 
the problem, which has remained obscure, finds a normal expla¬ 
nation through the interpretation of the functions of the thy¬ 
mus I urged in the present work in 1903. Briefly, as stat^ 
in the next chapter when describing the functions of this organ, 
it supplies, through the agency of its lymphocytes, the excess of 
nucleins which the body, particularly the osseous, nervous, and 
genital system^ requires during its development and growth 
—during infancy, childhood, and adolescence, or later if 
need be, to construct and sustain the functions of the nuclei of 
its cells. In other woi^s, as is well known, we are dealing with 
an organ of temporary usefulness, as far as its maximum activity 
goes, whose activity Aould virtually cease at a given time— i.e., 
when the permanent purveyors of nuclein-producing lympho¬ 
cytes, the bone-marrow and lymphatic glands, are able fully to 
carry on their functions. When, however, this permanent fun^ 
tion is fully established, and a persistent, or even hyperplasic 
thymus continues abnormally its functions, we have two sources 
of nudeins, one of uihick, the thymic, w in excess and, therefore, 
injurious. 

■ This brings us back to what I deem to he the common 
cause of exophthalmic goiter, vis., some toxics of which there 
•re at least several, capable of exciting excessively, and through 
tboT centers* the functions of the thyroid and ad r e n al * , in a 
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piedhpoeed or neorotie rabjeci^ is will be shown jneseii^ nn* 
der Etiology. The poison here being an ezoere of nncldn^ all 
ti^wa are abnonnsUy supplied with these phoq>horaB>liiden 
bodies. The thyroid and atonal^ which, we have seen, par: 
ticipate in tissue oxidation, being also inordinately 8timi;^ted, 
excMtve metaioNm is induced in dll tissues. Hence the 
marked einaciation, the sweating, the diarrhoea (to facilitate 
the elimination of tissue-wostes), and the exhausted and there¬ 
fore dilated heart. The tissues are, as it were, ^Srorked to 
death," the cymptom-complex being such as to make of these 
patients what E^ted has well termed “dreadful cases." 

The experimental and clinical data arailablo sustain the 
pathogenic relationship between the thymus and exophthalmic 
goiter. Thus, we have seen that lymphocy^is is a feature of 
these coses, as pointed out by Kocher; removal of the thymus 
causes a fall of these small mononuclear leucocytes from 40 
per cent to 25 per cent, then often to normal. The fact that, 
as shown by Garrd, it is the thymus which so aggravates the 
disease is demonstrated by the observations of Haberer, that the 
injection of the juice of thymus gland caused thyrotoxis, and 
of Bayer, that it brought on the lymphocytosis. Bircher, accord¬ 
ing to Qebele, has also produced typical exophthalmic goiter 
symptoms by means of intraperitoneal implantation of fredi 
hyperplasic thymus. On the whole, it is permissible to con¬ 
clude that a peraisient and particularly a hyperplasic thymus 
may cause exof^thaJmid goiter, or aggravate this disease, by 
adding to the tissues at large, intruding the nervous system, an 
excess of nucleinsdohich, acting as a toxic, excite in those tissues 
abnormally rapid metabolism. The thyroid and adrenais, them¬ 
selves overstimulated directly, are, bekdes. Tendered overactive 
owing to their participation in the defensive functions of the 
body. In both the transition and asthenic stages the thjproid 
and adrenals, when exhausted, undergo atrophy. 

1 urged, as far back as 1903, that the adrmuds diould be 
looked upon as p^ciponts in the morbid procew of Graves’s 
disease; this applies also to the thymic form of this disorder. 
Thus, Matti** found that in aU of 10 capes in which the patients 
had died during or soon after an operation on the tiiyi^ and 
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ibjfmiis WI8 fpimd enlaified potA mortem tlie adrenals were 
noted to be exoqitionally small. 


BnoLOOT.—In the first edition of this work (1903)'* I 
trac^ the primaiy cause of sKophthahnic goiter to the pituitary 
body (the neural lobe), through sympathetic nerre-paths. The 
following year Sahnon** also concluded that the pituitary body 
was the seat of primary irritation, though his explanation of 
the process differed from mine. Bnefiy, from my. viewpoint, 
the pituitary body contains the coordinating centers of the 
thyroid and adrenal^ and when certain toxics capable of irri< 
tating this center, such as the toxic wastes of pr^ancy and 
menopause, various toxins, endotoxins, autotoxins of intestinal 
origin, etc., occur in the blood during a prolonged period, both 
these organs are unduly excited, and, their secretions being pro¬ 
duced in excessive quantities, the disease is awakened. 

That exophthaWic goiter occurs in persons predisposed to 
it by supersensitiveness of the central nervous system, as in 
hysterical, epileptic, and other neurotic subjects, is suggested by 
the frequency with which such disorders proceed or occur with 
the disease. Bobinson*' and others have even gone so far as to 
consider it as a form of hysteria. Qrandmaison,** in a study 
of 33 cases, found hysteria in 19. Abadie ascribes the dis¬ 
ease to irritation of whicheW center governs the sympathetic 
vasodilator branches of the thyroidal vessels. Dana** vouch¬ 
safed a aimilar opinion. Yon Gr&fe, Kober, Charcot, and many 
other authorities have directed at^tion to the sympathetic in 
this connection, while Virchow, Trotisseau, von Recklinghausen, 
and others have found lesions (which, from my viewpoint, need 
not necessarily occur) of the cervical sympathetic, whose 
brandms saiq>ly the thyroid. Now, it is through the sympa¬ 
thetic that Cyon traced nerve-paths from the pituitary (the 
posterior lobe of which is a sympathetic structure, rich in 
chromaffin substance) to the thyroid, and, as I diow in toe second 
volume (pt 983 et eeq.), the pitoiti^ contains, in all likelihood, 
the previoudy unidentified center of toe sympathetic system. 
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One of the most evident indications of the inflwnoe of 
the vaete accumulation on the genesis of the disease is shown in 
pregnancy. Richardson** states that "in southern Italy it has 
long been the custom for the parent4o measure the circumference 
of the daughter’s neck before and after marriage, an increase in 
size being considered as an evidence of conception.’* Time has 
sanctioned this popular custom, various observers having shown 
that tile thyroid becomes temporarily congested and| enlarged 
under the influence of what Audebert** terms, in describing a 
case in which exophthalmic goiter developed during the mventh 
month: the "usual symptoms of hepatic toxaemia.” While 
exophthalmic goiter occurs rarely, the fact remains that it is 
but the exaggerated expression of a physiological process. Thus, 
Tjang,** in a scries of 133 cases of pregnancy, found the thyroid 
enlarged in 108, the enlargement beginning about the flfth 
month. The tliyroid ceased to increase in volume when tiiyroid 
gland was administered, and resumed its growth when tbs' 
remedy was withdrawn. 

That we are dealing with an antitoxic function having for 
its purpose the destruction of wastes of foetal and maternal 
origin, is suggested by the fact that the thyroid gland has long 
been credited witli such a function. We have seen that my view 
that it increased the opsonic power of the blood has been sus¬ 
tained. Reid Hunt*’* found, moreover, that when mice were 
fed on small amounts of thyroid they showed marked resistance 
to poisoning by acetonitrile. The relationship of the pituitary 
body with the toxasmia of pregnancy is also shown by the observa¬ 
tions of Comte,®* that during pregnancy the pituitary body is 
also markedly enlarged, a fact confirmed by lAunois and 
Mulon.** In a more recent paper Launois*® reaffirms his foimer 
conclusion, stating that the anterior lobe (which, from my view¬ 
point, receives the toxics that awaken the impulses trans¬ 
mitted by the posterior lobe to the thyroid and adrenals) is, 
during pregnancy, "in a state of marked hyperactivity.” 

'*IUcluiia*on: “The Thyroid end Pmthyroid Olandi,” p. Ud 
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Another feature which points to the pathogenic rdle of 
intoxication is that, as stated by Ord and Mackenzie: "In dis¬ 
tricts where ordinary goiter prevails, the exophthalmic form is 
also met with." Grasset observed a similar coincidence in 
France, and Carter*^ in England. The latter autlior states, 
moreover, that, while, in a certain valley in the West Hiding, tlio 
inhabitants on one side of the river, who drink wati*r from hills 
to the south, do not suffer from goiter, tliose on the otiicr side of 
the river, who drink water from hills to the north, suffer a gootl 
deal from this growth. Moreover, it is from the latter, or goiter 
side, that cases of exophthalmic goiter arc derived. This clearly 
suggests that the exophthalmic form is but a development of 
simple goiter. Indeed, referring to 3 cases of this "secondary” 
type. Dean D. Lewis** writes: "In all these cases a history of 
goiter of some years’ standing could be elicited. Two of these 
goiters were of the diffuse, colloid type, and one of the mixc<l 
type, partly parenchymatous, partly colloid. So far as I was able 
to determine, these goiters do not differ, histologically, from the 
simple colloid or parenchymatous goiter, unassociated with 
Basedow’s symptom-complex.” Goiter being due, according to 
prevailing views, to a telluric poison, its exophthalmic form 
must likewise be due to such a poison. 

The relations between bacterial toxins, endotoxins and auto¬ 
toxins and the thyroid (with the latter organ considered as the 
source of one of the antitoxic constituents of the blood) also 
afford considerable evidence in this connection. Ilogcr and 
(lamier** examined the thyroids of 33 cases which had die<l from 
scarlet fever, measles, diphtheria, small-pox, typhoid fever, c*erc- 
brospinal meningitis, and septic peritonitis, and found in all 
congestion and hypertrophy with increased secretion, and in two 
instances (variola and diphtheria) foci of parenchymatous 
htemorrhage. Marine and Lenhar^* also state that syphilis, 
typhoid fever, influenza, and articular rheumatism are fre¬ 
quently associated with or followed by thyroid hyperplasia. R. 
.Xbraham^* reported 3 cases which developed in the course of 
active syjfliilis. 


* Cutar: Mlnlmish Madlcsl Jounud. Oct., up*. ^ 
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Closely associated with this class of oiiises is that describerl 
by W. H. Thomson,** i.e., anto-intozication from the alimentary 
canal due to imperfect gastro-intestinal digestion of nitrogenous 
foods. Treatment based on this view, in which meat was 
banished from the die^ and intratinal antiseptics were used, 
gave satisfactory results. While this view has been criticised, it 
is evident that, from my viewpoint, such poisons can, as well as 
any of the others referred to above, bring about the disease in 
'predisposed subjects, by exciting the thyro-adrenal center, and 
thus cause an excessive production of thyroiodase and adrenoxi- 
dase. In a case reported by Aiken,*^ the disease began under 
ether anaesthesia and persisted six years. 

Excessive and prolonged exertion has also been known to 
produce the disease. Overwork is a generally recognized factor. 
Dauscher*' reported a case which came on after climbing rapidly 
a steep mountain. Ilarland observed 2 instances which had 
appeared suddenly in soldiers who had been in action in the 
Boer War. Potain** called attention to the fact that violent 
anger, which has formed the starting point of exophthalmic 
goiter, awakens symptoms quite similar to this disease, procidence 
of the eye-balls, trembling, violent palpitations, sweating, diar¬ 
rhoea, psychical disturbances, etc. In all such cases wastes 
accumulate in the organism more rapidly than they can be 
hydrolyzed into eliminable products, and the disease is brought 
about precisely as in all the forms of toxsmia previously 
reviewed. 

Fright and other violent emotions, which are relatively 
frequent causes of the disease, bring it on through a different, 
though kindred, process. Darwin and Sir Charles Bell, accord¬ 
ing tq Carter,** describe a person in intense terror in the fol¬ 
lowing words: ‘fThe heart beats quickly and violently, so that 
it palpitates or knocks against the ribs; there is trembling of all 
the muscles of the body; the eyes start forward, and thc 
uncovered and protruding eye-balls are fixed on the object of 
terror; the skin breaks out into a cold and clammy sweat, and 
the face and neck are flushed or pallid; the intestines are af- 
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fected" The xesemblance of these phenomena to the symptona 
of ezoidithalmic goitor is obvious. I refer, elsewhere in this 
volume, to the sympathetic center as the sengorium commune, 
in the sense that it hears the brunt of violent emotions, shocks, 
etc., as one of the most sensitive of all somatic centers. Now, as 
Carter correctly say^ intense terror is “a condition in which the 
somatic nervous system is, for the time being, almost paralyzed.” 
Traumatic shock, blows upon the head, etc., may produce the 
disease in a similar way, the violent concussion to which tlie 
sympathetic center is subjected, along with the other cerebral and 
basal centers, .being the cause of the molecular disturbance. 
Delorme and Leniez,** for example, reported 2 cases in officers 
who had been thrown from their horses and had struck the 
pavmnent on their heads. There was in botli cerebral concus¬ 
sion, followed two months later in the one, and one montli later 
in the other, by exophthalmic goiter. They report a similar 
though less severe case in a soldier who had fallen from a roof, 
striking- his head. Dyrenfurth** observed 3 cases due to 
accidents. The morbid effects of emotions, traumatic shock, etc., 
arc attributable to a molecular disturbance of the sympathetic 
center,—which governs the caliber of the arterioles,— i.e., tlm 
thyro-adrenal center. 

We have seen that poisons, by exciting the sympathetic 
thyro-adrenal center, so exaggerate the functional activity of the 
thyroid and adrenals that the characteristic action of an c.vcc8S 
of thyroid secretion on phosphorus oxidation manifests itself, 
viz., general vasodilation. With fright or any violent emotion 
capable of paralyzing the functions of the same center, we have 
general relaxation of all arterioles which the sympathetic center 
irovems, the acute symptoms of fear being the expression of a 
temporary exacerbation of this vasodilation, including ihoee of 
the {hyrbid and adrenals, and, therefore, an abnormal influx of 
arteii^ blood in these organs. This means for them, as shown 
•»y Claude Bernard in the salivary gland, a corresponding increase 
of functional activity. In the majority of such cases the result¬ 
ing disturbances, though sometimes severe, are either recovered 
from as soon as the central molecular equilibrium is restored or, 
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if thii raiontioii does not occur, it may manifest itself other 
disorders. If, hoveTer, heredity happens to predispose the rictim 
of fri^^ shock, eta, to exophthalmic goiter, this disease is the 
one whidi developB; the circulation receiving an excess of thyroid 
secretion, the oxidation of cellular phosphorus becomes fficoemve, 
and the general vasodilation, the dtv» ex machiaa of the morbid 
process, is perpetuated. 

The prevailing view that heredity influence greatly the 
development of the disease is based on a sound foundation. 
Among the examples may be cited the family referred to by 
Oesterreicher," in which an hysterical woman’s 10 children 
included 8 cases of exophthalmic goiter. One of these had 4 
grandchildren, 3 of which suffered from the disease, while the 
fourth was hysterical. Hare** reported a case in a girl, whose 
great-grandmother and grandmother suffered from exophthalmic 
goiter, and whose great-aunt, aunt, and mother suffered from 
goiter, which increased with each pregnancy in the mother’s 
case. Grober** reported 4 cases of exophthalmic goiter in the 
same family, a brother, two sisters, and a niece. B. G. Curtin** 
collected 40 cases of the disease in 15 families. 

Thbatmbnt.— The great value of thyroid preparations in 
hypothyroidia suggests that they should prove harmful in the 
opposite condition, hyperthyroidia, and particularly in its most 
marked type, exophthalmic goiter. Indeed, many cases on 
record suggest that such is the case. But, in the light of the 
views submitted in tlie foregoing pages, the reason for these 
untoward effects is plain: they were due to the empirical use of 
these powerful agents and regardless of the stage of the disease 
and of dosage. 

I have urged that exophthalmic goiter was divisible into 
three stages; the erethic, that during which there is excessive 
sensitisation of the phosphorus of all tissues to oxidation and 
abnormally rapid cellular metabolism; the transitional, during 
which the overactive thyroid has undergone sufficient fibrosis to 
produce only such seerrtion as is needed by the body to carry 
on its functions, and the myxe^tnatous, during whi^ advanc- 
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ing flolerofiu the is increasingly inhibiting its functions 
until these cease and d^th occurs. It is apparent that 
the erethic stage the use of thyroid could but add fuel to the 
fire; that in the transitional it might prove useful to arrest the 
excessive activity of the thyroid^ which is inducing sclerosis, by 
relieving it of part of its work, and finally tliat in the niyxoxicma' 
tons it should prove invaluable, as it docs in myxccdcma, as a 
life^ving measure. An even finer subdivision is necessary, 
however, one in which the primary cause of the disorder is taken 
into accoimt, if satisfactory results are to be obtained. During 
the erethio stage, as a general rule, thyroid and iodine prep¬ 
arations are productive of serious harm. Thus, Ij6pine*^ re¬ 
ported a case in which tlie use of iodine in the course of a 
gynecological operation brought on symptoms of exophthalmic 
goiter, even though the patient had previously sliown no evi¬ 
dence of this disorder. Kempner** noted, moreover, that the 
use of the iodides for arteriosclerosis and other disorders some¬ 
time provoked symptoms of the disease. They enhance inor¬ 
dinately the oxidation of cellular phosphorus in all tissue and 
increase, thereby, the general vaso-dilation, which, as I have 
shown, underlie all the major phenomena of the disease. In 
ertain mUd case that are clerly due to a toxemia of ovarian, 
uterine, or intestinal origin, thyroid is valnahlc (1 have seen it 
euM complete rctrogreeioii of the goiter) in small doses, 

1 grain (0.066 Qm.) of the desiccated gland during each mel, 
with abstention from meats to decrease the formation of toxic 
wute; but where the symptom-complex of the disease is present 
in its entirety, the aim should be to promote constriction of the 
arteries, and particularly of the arterioles which control the 
volume of arterial blood admitted into the organs, including the 
thyroid itself, the post-orbital vessels, and the cardiac muscle. 
It is because of this action, in my opinion, that Huchard ob¬ 
tained good results from quinine in large doses and ergot recom¬ 
mended by Huchard, Paulesco, and others. The most efficient 
method of using these vasoconstrictors is to prcscrilK! a gelatiu- 
ooated pill containing the neutral hydrobromide of quinine 5 
grains and ergotin 1 grain, as suggested by Forchlicimer, one 
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pill beiog taken after eadi meid. If the patient atands it vdl, 
another pill may be added at bedtime. At times a patimit is 
met who cannot take more than two pills a day. He Aonld be 
told to expect little or no benefit short of a month, and that the 
treatment must be continued for a long time. Usually, aft» a 
week or two the pulse rate becomes slowed, the thyroid reduced 
in size, and the sweating or tremor lessened. The treatment 
should be continued until all the symptoms have disappeared, 
which may be in four months or not for three years. The only 
unpleasant action of the drug, as a rule, is occasional tinnitus, 
especially if largo doses be given. To prevent unpleasant effects, 
if such occur, and reduce the erethism of the cerebral centers 
(tiiose of tbo pituitary in particular) I also give 20 grains 
(1.32 Gm.) of sodium bromide on retiring, adding 10 grains 
(0.66 Gm.) of chloral hydrate if the bromides do not counter¬ 
act the insomnia. Belapses are not rare, but if taken in hand 
promptly they soon yield to the same measures. 

' In some highly nervous women, especially those who suffer 
from pseudo-hysteria, any preparation of quinine seems to in¬ 
crease discomfort. In these, the bromides at night, with chloral 
if necessary to counteract insomnia, should be supplemented by 
the use of phenacetin in the daytime, 6 grains (0.33 Gm.), 
gradually increasing tlie dose until 10 grains (0.66 Gm.) are 
taken three times daily. As stated above, the bromide reduces 
the patliogenic hypersensitiveness of the cerebral centers; the 
phenacetin maintains this action by causing constriction of the 
arterioles which supply them with blood—a common action of 
the coal-tar products (of which phenacetin is the safest), as 
stated in the second volume.** 

The favorable effects obtained by B£non and Delille^* with 
pituitary gland are e.\plainable in much the same manner. In 
doses of 4^ grains (0.3 Gm.) of the whole gland (ox), which 
they subsequently deemed advisable to increase to 7^ grains 
(0.6 Gm.) in divided doses daily, they obtained marked improve¬ 
ment. Hallion and Carrion*' then found experimentally that 
pituitary extracts ''always produced their effe^ by raising the 
arterial tension,** producing at the same time "an intense vase- 
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constriotoT action npoq. the thyroid body/' Briefly, we have 
here precieely the physiological action necessary—^tlie vaso-con* 
stricter power of the adrenal component of the pituitary gland 
superseding the vasodilator action of Uie thyroid. 

The morbid, effects of the excessive oxidation of the phos¬ 
phorus to which the cellular elements are subjected require 
attention. The resulting exhaustion of tlic phosphoms in tho 
muscular layer of the arteries aids powerfully the action of the 
depressor nerve in keeping tlie general vasodilation, including 
that of the thyroidal vessels, thus keeping up the disease. This 
phosphorus must, therefore, be replaced. Hence the value of 
sodium phosphate recorded by Kocher, Trachewski, Vetloson (-10 
cases), and others of the glycero-phosphate of sodium in 20-grain 
doses three times daily, noted by M. Allen Starr, and of lecitliin 
in alcoholic solution praised by Berkley of Johns Hopkins. 

Lx not a small proportion of cases, the diseaso may bo 
traced to streptococcic infection through tho tonsils, even tliongh 
this may not be sufficiently marked to cause acute rheumatism. 
These organs should be carefully examined in every case, and 
all crypts be carefully cauterized. If hypertrophy Ije present 
tonsillectomy should be performed. In some instances a clear 
history of acute rheumatism is obtainable, tho salicylates, pref¬ 
erably the sodium salt, is very useful and soon counteracts the 
hyperthyroidia when given in 10-grain (O.GG Qm.) dosca three 
times a day. Pyorrhoea alveolaris may also act as cause. Evans, 
Middleton and Allen J. Smith*’* having found, in typically dis¬ 
eased tonsils, the crypts to harbor Endamwha gingivalit, gave 
emetin hydrochloride subcutaneously or intrunuscularly, in %- 
to 1-grain doses, with improvement in some cases. 

Enteroclysis given at 108* F. is useful when, after clear¬ 
ing out the intestines by means of an enema, the solution, 
using a quart at a tim^ is retained sufficiently long to insure 
considerable absorption. If this is not the case, hypodermoclysis 
every other day, regnlating the quantity according to the case, is 
indicated. By increasing markedly the osmotic properties and 
the viscidity of tiie blood, its toxicity and its exciting action on 
the thyto-adrenal center are greatly reduced, and the eliminatimi 
of the pathogenic poisons is greatly enhanced. 

*■ Snas, masistoa sad ftaltb: Am. Jonr. Med. Se., F*., ttta 
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Thymos gland, which, as I have pointed out, owes its action 
to. the phosphorus-laden nucleins it supplies to the nuclei of the 
ti6sne*<^s, was found accidentally by Owen to be valuable in 
exophthalmic goiter. Obviously it is only of value where the 
thymus is not enlarged. It may either be given in the form 
of sweetbread as food, to 3 ounces (15 to 90 Gm.) daily, 
or in tablet form, from one to three 5-grain (0.3 Gm.) tablets 
being given three times daily during meals. It is also obtainable 
in the form of powder, which, given in capsules in the same 
doses, obviates the unpleasant taste. By supplying the nerve- 
cells their normal nucleins, their degeneration and particularly 
that of their ganglia, to which Charcot called attention, is 
materially counteracted. S. 8olis-Cohen”* highly recommends 
thymus gland, but supplmnented by intramuscular injections of 
pitnitrin, beginning with 5 minims (0.3 Gm.) three times daily, 
then gradually increasing the dose until 20 to 30 minima (1 to 
2 C.C.) were administered at a dose. 

The causative condition must be carefully sou^t and, if 
possible, removed. In cases due to pregnancy, menopause, and 
inadequate ovarian development, the disorder is mainly due to 
inability of the thyroparathyroid apparatus to neutralize the 
increasing tide of wastes the blood contains. The organ is 
abnormally stimulated, in the sense that its arterioles are widely 
opened to allow a vastly greater volume of arterial blood than 
usual to enter it,^ and it becomes enlarged. Here, thyroid 
preparation, starting with 1 grain (0.066 Gm.) t i. d. of the 
dried gland, are of great value by compensating for the organ’s 
deficiency. If the toxsemia is of intestinal origin, meats should 
be banished and free saline purgation—^in addition to the 
measures advocated in the preening two paragraphs—^resorted 
to. Highly nervous or pseudo-hysteric cases are also helped 
by the bromide, phenacetin, and saline solution treatment^ but 
rest in these cases and in those due to traumatic diock is of 
great importance. In fact, it must be borne in mind that 
e.xertion increases toxic waste formation, and, therefore, the asset 
of pathogenic poisons, and that rest is always indicaM. In 
most cases, in fact, ihsolute rest in bed is a nne qva fioii of 
success. A high altitude—about 2000 ^t—^is helpf^ 

■ 8. Solto-Oohn: Am. J«nir. ot the tieS. So., Jvir. IMA 
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Various sera obtained from animals deprived of their 
thyroid: Ballet and Enriquez’s dog serum, Mobius’s riieq> 
serum, or ‘*antithyroidin,” Rogers and Bbcbe’s serum, obtained 
from rabbits or sheep inoculated with extracts of exophthalmic 
goiter, are all of value in that they are all antitoxic substances 
which aid the blood in neutralizing the pathogenic {loisons. 

Thyrodectin, thq desiccated blood of thyroidectomized 
animals, has also given satisfaction in some cases, in R- to 10- 
grain (0.33. to 0.66 Qm.) doses in. capsules three times daily. 

During the iratmtional stage the treatment depends entirely 
upon the progress made by the atrophic process. As a rule, how¬ 
ever, signs of myxoedema are already present; in that esse 
thyroid preparations are indicated, as they are during the myrte- 
demaiom stage. The latter is virtually a case of myxeedema and 
requires the measures recommended for that disease {g.v.). In 
both these stages, however, there is a marked tendency to cardiac 
failure, and digitalis or strophanthus are precious adjuvants. 

The injection of boiling water into the goiter, first sug¬ 
gested by M. F. Porter** has given good results. The local dis¬ 
comfort is slight, and a fleeting headache is sometimes com¬ 
plained of. None of the 30 cases reported by Porter suifered 
any other untoward phenomena, a fact which indicates that the 
procedure is a safe one provided due care is taken to avoid the 
large superficial veins and to inject the water inside the cap¬ 
sule. The skin, after being cleansed, is anesthetizcfl with 
Schleich’s solution producing a small wheal at the points 
where the needle is to be inserted.” A large, all-glass, graduated 
syringe, armed with a long and rather fine needle, is employed. 
It is boiled in the water used for the injection, over on alcohol 
lamp or a Bunron burner. When more than one injection is 
given at one sitting the qn^ge proper being handled with long 
foroeps, is reboiled each time, the object being to have the 
water penetrate the gland when as near the boiling point as pos¬ 
sible. “WitJi a long needle different areas may be injected 
througfa the same skin puncture by partly withdrawing the 
needle. In this way both right and left lobes and the isthmus 
•nay be injected through one skin puncture made in the center 
of the neck.” The quantity injected by Porter varied from 40 
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to 230 minima (2.6 to 15.3 Om.), the largest quantity injected 
in the course of one treatment being 660 minims (44 Gm.). 
The immediate effect is destruction of thyroid tissue and colloid, 
a temporary increase in the size and density of the growth being 
followed by contraction and subsidence of &e general symptoms. 
O’Day”* has also reported satisfactory results. Quinine and urea 
hydrochloride injections are also used (see page 259). 

X-ray treatment may now be used without risk of burning 
since the introduction of the Sabouraud pastille method of 
measuring the ray. Pfahler reported marked improvement in 
75 per cent, of his cases. The X-ray is of especial value when 
the thymus is enlarged, a point which should be carefully de¬ 
termined in every case. The ray should not, however, be em¬ 
ployed in young children, the thymus being necessary to their 
development. 

The combined use of X-ray and the static current have 
been found superior to the X-ray alone by W. Benham Snow.*** 

When the foregoing resources fail, which is seldom the case, 
surgical measures may be employed. At the present time the 
tendency is to resort too freely and unwarrantably to surgery. 

SuBGiCAii Tbeatment. — Indications .*—^In hypcrthyroidia, 
whether or not the syndrome of exophthalmic goiter be actually 
present, much care is required in the selection of cases for 
operation, many being poor surgical risks owing to bad general 
condition, acute symptoms, or signs of degeneration of impor¬ 
tant organs, in particular the heart Where acute symptoms arc 
present thyroidectomy should be postponed until ^ey have 
disappeared. Irregularity and varying tension of the pulse, 
diarrhea, edema of the hands and feet sleeplessness, and 
paroxysms of gastric pain are conditions that render postpone¬ 
ment of radical operation for a period advisable. 

Where partial thyroidectomy is not feasible for the time 
being, s.g., in acute exophthalmic goiter uninfluenced by medical 
treatment or injections of boiling water, ligation of both 
superior thyroid arteries may be performed with advantage, 
sometimes at one operation, but more usually in two sittings at 

■* 0‘D«r: New Terk M«d. Journal, April 3, IMS. 

Snow: Jour, of Kloetrothor. and Radlok^, Jan., IML 
* Thia aubdlTtalon of tko aubjeet waa writtan bp the autbor'a aon. Dr. Loula 
T. So M. Salova. 
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a week’s interral. Arterial ligation is considered of particular 
utility in cases with pronounced thyroid pulsation and a thrill 
ill the superior thyroid arteries. Well-advanced cases can thus 
he made fair or good surgical risks. Some advise injections of 
lioiling water as a measure secondary to arterial ligation, 
where the latter fails. 

If the reaction attending the first arterial ligation—^usually 
at left upper pole—^ia not marked, partial thyruidcotoniy, con¬ 
sisting in removal of the opposite lobe, the istliiiuis, and pos¬ 
sibly a portion of the same lobe, may be performed a week later; 
if evidences of shock be pronounced, on the other hand, an 
interval of several montiis (four months—Mayo), during 
which time will have been given for improvement in the imtieiit’s 
general condition, should be allowed to elapse before partial 
thyroidectomy is resorted to. 

In a small proportion of cases a relapse occurs some years 
after partial thyroidectomy, the residual glandular tissue under¬ 
going hypertrophy and symptoms returning. If medical treat¬ 
ment be not, under these circumstances, soon beneficial, the ves¬ 
sels at the upper pole of the remaining lobe should Ihj ligatc<l, 
unless this has previously been done, in which case ligation ot 
the inferior thyroid artery is to be advocated. If arterial liga¬ 
tion fails to prove sufficiently effective, a portion of the lobe 
may be removed. The risk of provoking my-xcedematous symp¬ 
toms if too much tissue is removed should always be Ixirnc in 
mind. 

In some already seriously affected patients, preparatory 
treatment by absolute rest, heart tonics, diuretics, and the 
X-rays is required even before arterial ligation is permissible. 
The X-rays have been serviceable in helping exophthalmic cases 
through acute attacks, previous to operation. 

The superior thyroid arteries are generally ligated in pref¬ 
erence to the inferior because they are more accessible and less 
closely related to important nerves and vessels. Ligation of the 
inferior thyroid, a more diffieult and serious procedure, is only 
infreqnoitly performed. Ligation of all four arteries in a single 
case is warned against by Kocher, in view of the danger of 
cachexia strumipriva where there is such a complete interruption 
in the blood-supply to the gland. 
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Early (»aes of exophthalmic goiter, acoor^ng to Hayo’s 
experience, sometimes show marked improvement under ligation 
of both superior thyroid arteries. A complete core may even 
follow, rendering snhseqnrat partial thyroidectomy unnecessary. 
In the more severe cases, general health is frequently so im¬ 
proved by ligation that later removal of the larger thyroid lobe 
can be effected with but little risk. . The possibility that too 
much glandular timue for purposes of subsequent sufficient thy¬ 
roid functioning may thus be removed is not denied by Kocher, 
but resulting symptoms of hypothyroidism are seldom met 
with. 

According to Mayo, the proportion of exophthalmic goiter 
cases coming imder the surgeon’s observation in which removal 
of the larger thyroid lobe and isthmus can be undertaken with¬ 
out undue risk is about two-thirds. The sphygmomanometer, 
electrocardiography, X-ray examination of the heart, and the 
blood-count are all factors of value in the selection of an opera¬ 
tion suitable for a case in hand. 

Simultaneous excision of one lobe and ligation of one or 
both arteries on the other side have been advised by some 
surgeons, notably Landstromme and Klemm. Though good 
results have been reported, the risk of inducing hypothyroidism 
would seem to be greater in this connection than with procedures 
ordinarily followed. 

In unilateral goiter with hyperthyroidism, three-fifths of 
the enlargement may be readily removed, after due preparation 
of the patient by measures calculated to improve tlie general 
condition (Bainbridge). 

Where goiter with hyperthyroidism recurs after an initial 
partial tliyroidectomy, the production of atrophy of tlie remain¬ 
ing tliyroid lobe through ligation of one or both of its arteries 
may be attempted. Thyroidectomy for recurrent goiter is gen- 
erally more difficult than an initial similar operation owing to 
the presmice of adhesions or scar-tissue. 

At times in pregnancy hyperthyroidism develops, rigidly or 
gradually, with a severity sufficient to require prompt surgical 
intervention. Generally some degree of hyperthyroidia has 
existed before conception in these cases, and the increase in the 
severity of the symptoms is noted early in pregnancy. M atlsck 
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operated three times in sndi cases, with good results, the pa¬ 
tient’s going on safely to term. 

Bemoral of the ^ymus gland has been adTised by some in 
exophthalmic goiter, in view of the recently ascertained causal 
relationship of the former organ to the disease. A persistent 
thymus has been found in about 90 per cent, of all operations 
for exophthalmic goiter in whidi the condition of the organ has 
been investigated (Bainbridge). Good results have already been 
recorded by many, from thymectomy in exophthalmic goiter 
cases in which a persistent thymus is found. 

Haberer’s experience has been that a combined partial 
operation on both the thyroid wd the thymus in these cases 
yields better results than partial removal of either organ alone. 
A promising procedure also is the use of the X-rays to reduce 
the thymus b^ore an operation on the thyroid is undertaken. 

Operative Risks and Results .—^Even simple and apparently 
innocuous procedures have been follow«l, in hyperthyroid cases, 
by serious symptoms and even death. The chief danger is col¬ 
lapse preceded by extreme tachycardia and nervous excitement. 
The symptoms witnessed have been ascribed to intoxication with 
thyroid material or to violent excitation of the local vasomotor 
and trophic nerves. Death withm a fevr hours or days may 
follow. Matlack, in a series of 202 operated cases of exophtlial- 
mic goiter, had 4 deaths from postoperative hyperthyroidism. 
Other attendant dangers are tetany, due to removal or crushing 
of parathyroid tissue, myxoedema, due to excessive removal of 
thyroid tissue, and injury to the recurrent laryngeal nerves. 
The author of the present work considers the belief that death 
is due to thyrotoxis in these cases a grave error and the cause 
of several deaths. He attributes these results to shock and the 
temporary arrest of function of tlie various glands which co¬ 
operate vrith the thyroid, and has saved life by the immediate 
use of hypodermoclysis and adrenalin, 20 drops of the latter 
(1:1000 solution) being injected drop by drop into the rubber 
tube conveying the saline solution to the tissues. 

With careful sdection of cases, however, as well as pains¬ 
taking technique, the operative mortality in exophthalmic goiter 
should be low. Mayo in 1912 was able to report a consecutive 
series of 278 operated cases of exophthalmic goiter without a 
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death. On the whole, the mortality in this condition haa in 
iccent years undergone a marked reaction, not only through 
earlier operation and technical improvements, but because of 
more careful preparation of patients, safer anesthesia, and 
adaptation of the type of operation to conditions in the individ¬ 
ual case. The general mortality from operation at present is 
from 1 to 4 per cent. In advanced cases with marked tachy¬ 
cardia, irregularity of the pulse, pronounced emaciation, and 
loss of strength, death occasionally takes place in a few days 
after partial thyroidectomy, even though the operation has been 
done under local anesthesia, and in the absence of infection of 
the wound. The author of this work advocates organotherapy, 
i.e., adrenalin or pituitrin injections with hypodermoclysis 
as a protective measure. Such risks may also, as already rag- 
gested, be avoided by a preliminary arterial ligation. The thy¬ 
roidectomy nmy be effected later if, in spite of general symp¬ 
tomatic improvement, evidences of compression of the trachea 
persist. Arterial ligation is, moreover, so much safer than 
thyroidectomy that through its performance the surgeon is 
enabled to accept as surgical risks cases so advanced that there 
is but little hope of cure. 

As regards the results of operation, the recent experience 
of surgeons has been that cither cure or improvement follows 
operation in a large majority of cases of exophthalmic goiter. 
Kocher, in a series of 320 cases, obtained a complete cure in 160 
and improvement in 148. In tho ^'improved’* cases individual 
symptoms such as exophthalmos and functional disturbances due 
to the thyroid disorder, had not been removed, though pro¬ 
nounced betterment in the general condition was noted. In the 
remaining 22 cases the final results were not good, -either be¬ 
cause of inability to complete the operation, recurrence, or the 
persistence of renal or hepatic disturbances. 

The immediate beneficial effects of operation in exophthal¬ 
mic goiter may not be maintained, either by reason of recurrence 
or throufdi transformation of the residual thyroid tissue into a 
goiter. Symptoms of hyperthyroidism relieved by the operation 
may thus return after a long or short interval of health. 

After partial thyroidectomy the tendency of the remaining 
lobe and isthmus is to a lessen^ hyperplasia, but in 6 or 8 per 
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cent of cases » compensatory hypertrophy takes place instead 
and cansee persistence or exaggeration of the symptoms 
(Breniser). On the otiier hand, myxoedcmatous symptoms may 
appear early in stmie eases. Although one-fourth of the normal 
amount of thyroid tusue is generally considered sufficient to 
fulfill, where the necessity arises, the functions of tlie entire 
gland. Conversely, signs of myxoedema may bo obserml even 
where but a comparatively small amount of the tissue has been 
resected. Such myxeedema may prove only tcmiwrary, the re¬ 
maining thyroid tissue finally assuming sufficient activity to 
meet the needs of the organism. Such a serious mistake has, 
however, been made as to perform an additional thyroidcctonjy 
where signs of hypotliyroid ism—confused with those of iwrsist- 
ing hyperthyroidism,—^were already present 

In some instances a return of pressure symptoms due to 
cysts left in the thyroid at the first intervention and subse¬ 
quently increasing in size demands a second operation. 

In the favorable cases, such conditions as tachycardia, pal¬ 
pitation, chronic lung congestion, and edema of one of the 
arms rapidly disappear when the excessive thyroid action has 
been corrected. Difficulty in swallowing, where previously 
present, is likewise soon relieved, though it may he nmintaiiiGd 
or increase during the first week. Dyspnea rajiidly disapijcars 
after operation in the great majority of cases. Ifonrsciicss and 
even a total laryngeal paralysis may be relieved by the o]*cra- 
tion. In 2 cases reported by Bdrard neuralgic disturbances of 
the upper extremity, with beginning atrophy of the shoulder- 
muscles, were caused to disappear by partial thyroiik'ctomy. 

On the whole, when all the possible complications and 
drawbacks attending the oiierativc treatment of exophthalmic 
goiter are taken into account, and the results arc coinparetl 
with those obtained by medical treatment, the latter should 
invariably be given thorough trial before surgical measures are 
resorted to. 

GOITER. 

(Strunw; Bronchocele.) 

Goiter, an enlai^ement of the thyroid gland, may be of 
limited or prolonged duration. It differa from the disease just 
considered, exophthalmic goiter, in that it does not give rise, 

M 
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in its duracteristie fonn, to Bystemic symptoms.' It is impor¬ 
tant to bear in mind, however, that goiter is sometimes ihe 
precursor pf exojditiialmic goiter, and that in such cases the 
routine use of iodine or thyroid gland may initiate the latter 
far more serious disease. Considerable evidence to this effect 
was adduced in the preceding article. 

Etiology. —^Although goiter in its various forms may be 
said to exist in all countries, irrespective of race, it shows a 
predilection for certain countrim, Switzerland, France, Austria, 
Qermany, Italy, and certain parts of England and of tlie 
United States. This applies also to special districts of these 
countries; thus, according to Lobenhoffer,” some towns of 
Bavaria show a proportion of 21 to 26 per cent, of cases of 
goiter; in France, the greatest number of cases are found in the 
departments bordering on the Alps and the Pyrenees, and in 
America, in Michigan, and in Ontario, Canada. 

As to the topographical characteristics of the countries in 
which goiter occurs, much prominence has been given to the 
influence of altitude because Bircher’s map indicates a predilec¬ 
tion of goiter for the mountainous districts of Middle Europe. 
That this cause is of secondary importance is shown by its 
presence in flat countries such as those stretching from the 
north of Paris toward Belgium, along the valley of tiio Thames, 
the low-lying districts of Ontario and Michigan, and in the 
Chitral and Qilgit of India, where, according to McCarrison,*** 
goiter is endemic. lit tlie Philippines, tlie disease, according to 
Duncan,*^ is very prevalent in the municipality of Macalwbe, 
which is but a few feet above sea-level on the northeast shore 
of Manila Bay. 

The drinking-water of goiter districts has long been recog¬ 
nized as tlie intermediary of agents capable of producing it. 
In such districts families which received and used faithfully 
water from elsewhere avoided the disease. Certain fountains 
in the Canton of Berne, Switzerland, were found to produce 
goiter almost invariably in tlie children who drank ii The 
residuum of Altered water derived from such fountains or 
springs, when added to the usual and liarmless water adminis- 


" lAbMkoaer: MUMI «. d. Orcniseb. d. Med. a. Chlr., Bd. sxlr, Na. I, IMS. 
■* McCerrieoa: London Lnneet, Jnn. S, ItlS. 

* Oanean: Aanrionn Med., Nov. U, UN. 
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toed to diQgB, goineerpigB, and Inonkey^ vaa found by Wilms*' 
to cause goiter in thm animals. Mucb evidence is available 
in litoatnce proving definitely the r61e of vrater in transmitting 
the causal agent of the disease. 

As to the nature of this cause, ample modern evidence has 
eliminated the idea of a single agent being the common factoi 
in all cases, and shown that goiter could be produced by many 
different agents, inorganic and organic, acting as poisons. 
Calcium is a widespread agent of this sort, districts iu which 
the geological formation contains vast quantities of limestone 
. showing a large proportion of goitrous inliabitants—50 per 
cent., for example, in some of the limestone districts of India. 
In such districts in England, where goiter is exceedingly com¬ 
mon, those inhabitants who use rain-water as sole beverage are, 
according to Morris, free from the disease. The silicates, mag¬ 
nesia, alum, iron, manganese, copper, lead, and many other 
minerals have also been incriminated by various investigators. 

An abundance of organic matter in drinking-water is in¬ 
creasingly asserting itself as an important cause. This is 
emphasized by tlie fact that during the rainy seasons of India, 
when organic matter is rapidly disseminated, the number of 
cases among tlie whites and natives is greatly increased. 
Kocher has urged tiie importance of this causal agent in Switzer¬ 
land. The promiscuous use of human feces in their natural state 
so common in tliat country, which stands first in its proiwrlion 
of goitrous individuals, recalls the experiments of Suzuki, who 
produced enlargement of the thyroid in rats by feeding them 
with cooked rice mixed with rat feces, and also by injecting the 
latter subcutaneously. McCarrison observed a similar result 
in animals allowed to drink only water polluted witli feces. 

While the ingestion of organic matter of tiiis class may 
bring into activity a large number of pathogenic agents it re¬ 
calls the stress laid on some pathogenic organism or its toxin 
as an exciting cause of goiter by Poncet, Jaboulay and Hiviftre, 
Klebs, Kocher, Lustig and Carle, Waters, and others, Kocher, 
in fact, found that “goiter water differs from goiter-free water 
in containing many more micro-organisms,” McCarrison 
has also ably defended the same views, the soil deposits at the 


* Wilms: Osat Mt. L CUr.. isa., UlO. 



246 


TBTaOPiJUTHTiU>II> PmABM. 


bottom and sidm of water channele, tanka^ weUa, etc., oooc 
taminating the water used. The participation of calcium in the 
pathogenic process is explained by the fact that the organism 
requires a calcareous soil to flourish. It may be conveyed to 
places where the disease has not hitherto prevailed and, if the 
conditions are favorable in that location, it can provoke goiter. 
The feces constitute the probable medium through which the 
germ, toxin, or vims leaves the body, all evidence pointing to the 
intratine as intermediary in the process of infection. 

My own view is that bacterial infection may also occur 
through the intermediary of the tonsils; local treatment of these 
organs when the seat of catarrhal disorders, either general or 
limited to the crypts, having enhanced materially, the beneficial 
effects of general measures. The entire nasopharyngeal cavity, 
the lingual tonsil, the teeth and gums—^the latter being fre¬ 
quently the seat of pyorrhea alveolaris—and all structures, in 
fact, through which a continuous process of infection may occur, 
can thus harbor the pathogenic factor of goiter. 

Various organisms of the ameba type have been shown to 
provoke goiter, doubtless through a toxin or endotoxin 
produced by them. Waters incriminated an organism resem¬ 
bling the hematozoon of malaria. Qrasset also found this 
parasite in recent cases. Chagas traced cases to the bite of an 
insect, Conorrhintu megislm, and Brumpt to various insects, 
especially the bedbug, which act as hosts for some {mthogenic 
organism. 

Marine** found recently that the feeding of liver and heart 
to trout produced goiter. Beid Hunt obtained a similar result 
by feeding liver to mice. This recalls tliat excessively nitrogen¬ 
ous foods were included by Munson in 1895 among the causes 
of goiter. Baumann also noticed that a firah diet stimulated tlie 
thyroid in dogs to active hyperplasia. This again is due to 
intoxication by intermediate protein wastes and nucleins. The 
latter, as I have shown, are the sourcer of the toxemia to which 
the form of exophthalmic goiter, caused or aggravated by a per¬ 
sistent and hyperplasic thymns, is due. 

On the whole it is evident that gmter may be catusd by 
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varioua hinds of toxics, organic as well as inorganic, and endog~ 
enous as well as exogenous. 

Goiter occurs more frequently in females than in males, 
and in children than, in adults. Many instances have been 
recorded diowing that the disease may be hereditary, but this is 
doubtless due to the fact that the defensive functions against 
intoxications of various kinds are themselves deficient in many 
families. 

How do the various toxins, individnally or severally, bring 
on the enlargement of the thyroid identifie<l as goiter? This 
question can only be answered by adopting my ]x>rsonal view 
that the thyroid gland—including alicayx Us paraihyroids — is 
intimately connected with the autoproteclire or immunizing 
functions of the body. Goiter being due to intoxication from 
some poison, organic or inorganic, we are logically led to the 
conclusion that inasmuch as infections, toxic wastes, etc., cause 
enlargement of the thyroid, it is because this organ is the sent 
of a defensive reaction that it becomes enlarged. 

While the disease may be the result of prolongcti over- 
activity of the gland, characterized by typical histological lesions 
of hyperplasia and hypertrophy, with symptoms of hyper- 
thyroidia, these lesions may also occur in a gland which is 
unable, even under violent stimulation, to react adctpiately to 
the poison. Driven, nevertheless, to inortlinate activity, it 
undergoes violent congestion, thus causing the development «f 
a relatively rapid form of the disease. When this identical 
morbid process develops slowly under the influence of a given 
toxic, hyperplasia develops as a result of the persistent congestion 
and what is usually termed a simple or parenchymatous goiter 
results. 

VABiETins. —^Interpreted from my viewpoint, i.e., in the 
light of the above-described pathogenesis, goiter may be 
divided into five distinct types: 1, simple hypolhyroul non-toxic 
goUer (generally termed simple or parenchymatous goiter), the 
underlying cause of which is an inherent inability of the thyroid 
apparatus to produce enough of its secretion to carry on its 
antitoxic functions beyond those of normal health, any excess 
of functional activity to meet the needs of an intoxication of 
endogenous or exogenous origin provoking congestion, hyper- 
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plMia and enlargement of the tliyroid, i.e., goit^; 8, hyper- 
thffroid or toxic goiter, an aggravated form of tiie simple hypo¬ 
thyroid type dne to excessive secretory activity occurring as a 
result of the congestion and hyperplasia, and provoking the 
characteristic symptoms of hyperthyroidia, larval, or even frank 
Graves’s disease, though in most cases without exophthalmos; 
3, hypothyroid degenerative goiter, divisible into several subtypes 
such as colloid, cystic, fibrous, etc., in which the degenerative 
change denoted by these terms occur probably also as com¬ 
plications of the hypothyroid non-toxic goiter; 4, malignant 
goiter, in which the thyroid or accessory thyroid tissues become 
the seat of carcinomatous, sarcomatous, or other malignant 
processes; 5, congenital goiter or goUer of the newhom, which 
corresponds pathologically in most instances with the congestive 
or hyperplastic type of adults, and occurs in a large proportion 
of cases, in the newly bom offspring of goitrous parents and as a 
result of pressure during birth. 

SIMPLE HYPOTHYROID NON-TOXIC GOITER. 

The etiology submitted in the foregoing pages entaik the 
conclusion that not all thyroid glands (including their para¬ 
thyroids) are functionally equal. While a normal gland can 
fulfill its protective function under the stress of any intoxica¬ 
tion or infection without undergoing material enlargement or 
organic change, a gland weakened through hereditary influence 
or local lesions resulting from focal autolysis or hemorrhages 
which occur in the course of diphtheria, and other diseases, is 
unable to stand the stress. Such a gland secreting a de¬ 
ficiency of its normal product, may swell and thus become a 
"hyposecretion” goiter. The enlargement here is the result of 
an effort to compensate by overwork for the deficient output of 
the gknd. Such goiters rarely show true hypertrophy; they are 
mainly the seat of an active hyperemia with an increase of 
norm^ cellular elements in their active parenchyma. 

The enlargement may be the first symptom noticed, and 
through, as a rule, undue tightness of collars previously worn 
without discomfort. As the goiter develops, it remains soft and 
diffuse, showing perhaps a tendency to grow larger on one side, 
usually the right 
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In a large proportion of cases, casnal observation will elicit 
uo general qrmptoms of hypothyroidia; careful examination, 
however, will reveal some symptom or otiier of this conditton. 
The pulse may be slow, ranging from 62 down to 40 or even 
lower. This bradycardia is witnessed unl^ some cardiac com* 
plication be present. There is a marked tendency to hyperi* 
drosis, specially of the extrmnities, e.vce8sive sweating occur¬ 
ring under sli^t exertion and sometimes even without it. 
Hypothermia is habitual, though seldom marked, and there 
is a tendency to cold feet and handa The urea excretion may 
be reduced one-third. There are no pressure phenomena, unless 
the growth is far advanced—^no dyspnea, no dysphagia. Kor 
are there nervous symptoms such as those that are common to 
hyperthyroidia and exophthalmic goiter—^no tremor, no ex¬ 
ophthalmos. There is, however, a tendency to rebellious rheu¬ 
matic pams, often about the nucha or between the shoulders, 
especially marked when the patient lies abed and, tlierefore, re¬ 
lieved by rising. 

Al^ough this form of goiter sometimes recedes of its own 
accord, its tendency is to persist if the cause be not removed, 
and to undergo colloid, cystic, or other retrogressive changes: 
It is a pernicious form in the sense that in the child it tends 
toward the production of cretinism and, in the adult, to tiie cor¬ 
responding condition, myxedema. 

A careful study of the general symptoms is necessary here 
to determine the t^e nature of the goiter. Treated in time 
and by removal of the cause, if the latter can be located, and 
with appropriate remedies, these cases usually recover. It is the 
form of goiter which, as Kodier states, ‘*is not usually brought 
to the surgeon for treatment because iti can be cured by internal 
medication,*’ i.e., by means of iodine or its preparations. This 
is readily understo^ whmi we recall that iodine supplies that 
which the thyroid cannot provide, in organic combination, in 
Buffidmit quantity. The halogen thus relieves the functional 
stress which causes the or|^n to milarge. 

It is very important to differmtiate this hypothyroid typo 
from that which is characterized by overactivi^ of the gland, 
the hyperthyroid type, and which therefore iodine, thyroid gland, 
the i^des, eta, only serve to aggravate. In the latter form we 
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find none of the landmarks of the hypothyroid type. Indeed, 
as soon as any appear other than the goitroos enlargement, thqr 
are clearly those of larval atophthidmic goUar or hypertlyroidia, 
the early signs of which are a somewhat rapid pulse, so-called 
"nervonsness,’^ with tremor so dight, perhaps, that it is re- 
yealed only on carefol examination. As we shall see under 
'^leatment,*^ however, cardiac disorders other than those due 
to true hyperthyroidia may attend goiter and not preclude 
the use of iodine or its congeners. 

As to the physical signs, tlie shape of the gland is not 
materially changed as this enlarge, at least at first. Any in¬ 
crease in size can only be discerned by palpation, though inspec¬ 
tion may elicit a local enlargement during deep respiration, 
deglutition, and coughing, owing to the up-and-down motion of 
the gland. A diffuse goiter grows in all directions, the two lobes 
meeting medially unless tlie istiimus is also involved, which is 
often the case. The neighboring muscles are either raised or 
moved aside, according to their relative position. 

The growth also covers the trachea, but this canal is only 
compressed when one side of the growth becomes much larger 
than the other, causing dyspnea. This is not severe in simple 
hypothyroid goiters, as a rule, when the tumor is not hard, 
and is apt to occur only on exertion. Compression and dis¬ 
placements of tlie vessels arc also rare unless the tumor be very 
large. We may then witness slight symptoms due to vascular 
obstruction: headache, vertigo, etc. Murmurs may be heard 
in the dilated blood-vessels of the neck, the latter usually pro¬ 
jecting more or less from the surface while the growth itself 
may ^ seen to pulsate. 

Pain does not occur in a gotier unless it be the seat of an 
inflammation, strumitis, which not infrequenUy occurs in the 
course of acute febrile diseases, or of a malignant growth. Unless 
inflamed or tlie seat of a cancer, the enlarged gland is freely 
movable. 

From exophthalmic goiter, a simple non-toxic goiter is 
recognised by the absence of any of the systemic symptoms of 
the former disease, tachycardia, tremors, etc., and of exophthal¬ 
mos. From the other forms of goiter, colloid, cyeiicf fibrous, 
ate., it is distinguished by its diffuse or even surfiBC^ all the lat- 
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ter varieties being more or less nodular under palpation, and 
by its more recent onset. 

Examination with the X-raya is indicated to ascertain 
whether the case be not complicated witli an intratlioraeic goiter 
(vide infra) or an enlarged thymus. 

Pathology. —The tissues of tliese non-toxic goiters, in 
which hypothyroidia prevails, are strikingly devoid of all signs 
of hyperplasia or hypertrophy, the enlargement being mainly 
vascular. At the Mayo clinic according to L. B. Wilson*** less 
titan 1 per cent, of 3663 cases coming for operation for goiter 
show any considerable primary hypertrophy and hyperplasia of 
the parenchyma of the thyroid except as associated with clinical 
symptoms of true exophthalmic goiter. Even mild degrees of 
hyperthyroidia with slight enlargement, such as occur during 
pregnancy, showed some signs of hypertrophy or hyperplasia. 

Pboonosis. —^In young subjects and pregnant women, the 
hypothyroid non-toxic goiter occasionally recedes of its own 
accord, but as a rule its tendency is to persist and grow, if 
left untreated. Though apparently benign, it may not bo so in 
the child, since it may initiate cretinism by depriving the body 
at lai^e of a part of its supply of thyroid secretion; the adult is 
exposed to myxedema from the same cause. It may also repre¬ 
sent the earlier stage of the various forms of nodular goiter, t.r.. 
those which are the seat of colloid, cystic, fibrous or other retro¬ 
grade changes. Properly treated, however, before these emu- 
plications have occurred, these goiters readily yield, 

Tbkatmbnt. —Elimination of the cause sometimes sufTiccs 
to produce retrocession of the goiter. When it is endemic, the 
toxic is probably a water-borne one, mineral or organic. We 
have seen that ^e former include calcium as a frequent cause, 
and the latter pathogenic organisms, fecal pollution and other 
contaminating agents. A change of water used for drinking 
and cooking purposes is therefore an important feature of the 
treatment. The diet should also be controlled since a free use 
of meats has been found by Waters, Baumann and others to 
promote the growth of goiter; liver we have seen actually causes 
goiter in trout and mice. A meat-free diet, or at least the 
omission of red meats from the food, is very helpful in most 
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redndng the proportion of nnc^na which activate ab- 
notmally as poisons the inadequate thyroid and cause, it to 
become hyperemic and enlarged. 

Autointozi(»tion of intestinal origin is an important &o- 
tor. A rich diet may also act as an indirect cause of goiter, as 
urged by Waters, Baumann and others. A meab-free diet some¬ 
times suffices to reduce the size of a goiter. The purpose here 
is to prevent autointoxication mainly by nucleins, and thus re¬ 
duce the work of the thyroid as a factor in the defensive func¬ 
tions of the body. 

To attain the same object purgatives are indicated wherever 
the intestinal action is not free. It should be maintained by 
means of saline aperients, preferably the sodium phosphate 2 
drams (8 Gm.) daily, and if any autointoxication of intestinal 
origin is discernible, or if pathogenic organisms, entozoa in the 
alimentary tract, be a possible cause, int^tinal antiseptics, thy¬ 
mol, the sulphocarbolate of zinc, betanaphthol, sodium salicylate 
or creosote carbonate should be administered. Messerli*^ advo¬ 
cates, on ttie basis of excellent results, continuous mild purgation 
to keep the intestinal bacterial flora down as much as possible. 

A purulent focus in any organ may also provoke the thy¬ 
roid overactivity which maintains, or leads to, goiter. Catarrhal 
disorders of the nasal cavities, including Gie sinuses and vault, 
the ears, lingual tonsil and tiie gums, especially pyorrhea 
alveolaris, should, therefore, be recognized as causes and treated 
with due thoroughness. The most proliflc etiological factors 
of this nature, however, are conditions of the tonsils which in 
any way tend to favor the accumulation of bacteria in the 
crypts of tliese structures or behind them. Extirpation of 
these organs, besides being sometimes dangerous in these cases 
owing to the dilatation and engorgement of the neighboring 
vascular channels, does not afford the best results. Each puru¬ 
lent focus should be carefully cleansed, then cauterized with 
either galvanocautery or ignipuncture. Less active measures do 
not procure lasting results. Adenoid vegetations may also 
cause goiter in the young by perpetuating an antotoxic process. 
Coble,** for instance, obtain^ complete disappearance of a goiter 
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in a boy of 16 yean, by removing an unexpectedly large adenoid. 
Pelvic disorden in which ulceration is present should also be 
iiemedied. 

As regards internal medication it is only, as previously 
stated, in these hypothyroid cases that we may with certainty 
expect results from iodine and its preparations or from its 
organic congener—^that contained in thyroid gland. As advised 
by Kocher, however, and as my own experience has shown, 
iodine and thyroid gland should be reserved for the cases 
that are free from pressure symptoms—remembering always, 
however, tliat hysterical cases often experience a sensation of 
choking irrespective of the goiter—and where the growth has 
been growing slowly. Its mode of action suggests itself in the 
light of my views: it enhances directly or indirectly the anti¬ 
toxic function of the thyroid apparatus, by enhancing its 
activity or of its secretion in the blood-stream, and thus aids in 
breaking down the toxic which causes the goiter. Hie sodium 
salt of iodine, sodium iodide, is to be preferred to the potassium 
salt, the ion of which may affect the heart unpleasantly. A dose 
of 5 grains (0.3 Gm.) three times a day, given immediately after 
a meal in a small tumblerful of water, will awaken no gastric 
disorder, even when gradually increased to 10 grains (0.6 Gm.) 
taken in the same manner. Some cases respond better to the 
action of Lugol’s solution; 3 to 5 drops may be given in the same 
way as the iodide salt. 

The patient should be watched carefully and, if any sign 
of iodism appears, the use of the iodine salt should be discon¬ 
tinued a few days, after which it may be resumed by starting 
with a smaller dose—just enough to approximate imlism with¬ 
out provoking it. To arrest iodism, if it should persist, Fowler’s 
solution in 2- to 3- minim (0.12 to 0.18 Qm.) doses in half¬ 
glassful of water after meals, sometimes proves effective. But 
its administration should be discontinued as soon as the un¬ 
toward symptoms disappear. 

Steadily as the enlarged gland is aided by the halogen m 
carrying its antitoxic functions, it recedes if the goiter be an 
hypothyroid (parenchymatous) growth, and if the sources of the 
causative intoxication have been thoroughly eradicatec. 

To activate the action of the iodine salt, a 6 to 10 per cent 
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ointment of iodopetrogen (U. S. Fonnulary) should be rubbed 
into the gland daily, c«uing as soon as iodinn or irritation of 
the skin appears. A piece the size of a small hazelnut suffices 
if properly rubbed in. Its applimtion should be preceded by a 
period of massage of ten minutes’ duration, the movements being 
directed downward and outward and synchronous with deep in¬ 
spirations. This and the compression exerted cause a reflex 
contraction of the vascular channels, and hasten materially the 
curative process. Where iodism tends to appear, the ointment 
of biniodide of mercury weakened by the addition of an equal 
quantity of simple ointment should be used instead. If irrita¬ 
tion of the skin is produced the intervals between the applica¬ 
tions should be prolonged. 

Formerly, i^ine, iodoform and other drugs were injected 
into the growth. But this method has been generally abandoned 
owing to its dangers, death having resulted in a number of in¬ 
stances. Moreover, its indications being the follicular or 
parenchymatous type—our hypothyroid form—it affords no ad¬ 
vantage over the internal use of iodine or its congeners. 

As previously stated, any sign of hyperthyroidia or larval 
exophthalmic goiter precludes the use of iodine or thyroid, or 
any preparation of the agents; yet care is necessary to avoid 
attributing to hyperthyroidia symptoms which may suggest the 
presence of this condition and yet be due to hypothyroidia. 
Tlie organ which most frequently misleads the clinician in this 
conn^tion is tho heart, owing to the frequency with which 
this organ is the seat of organic lesions. Thus, in a study, of 
381 cases of goiter and of the autopsy records of 720 cases, 
Shranz found organic lesions of the heart, irrespective of 
valvular lesions, in 23 per cent, of goitrous children and 49 
per cent, of goitrous adults. The morbid process found to 
predominate in the autopsy records, 25 per cent, of all subjects 
examined, proved to be degeneration of ^e myocardium—a ctm- 
dition clearly explained by the participation of the thyroid 
secretion in tissue metabolism which I advocate. Deflcient thy¬ 
roid activity thus means defective cardiac nutrition, in keeping 
with th4 corresponding condition of the rrat of the body when 
the hypothyroidia has existed sufliciently long. Dilatation of the 
right ventricle (Bos^s goiter heart) is a form of disorder not 
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infrequently met with, and which gives rise to pulmonary con¬ 
gestion—^Kocher*B pneumonic goiter heart. Conversely we may 
encounter a condition in which the heart, as a result of a func¬ 
tional or organic disorder, may so influence the circulation as to 
provoke congestion, passive or active, of the thyroid and pro¬ 
duce what B4viliiod has termed a '^cardiac goiter.” 

This indicates that a careful study of tlie heart is neces¬ 
sary where, as is so often the case, a functional disorder, includ¬ 
ing the more prominent sign of hyperthyroidia, tachycardia, is 
present.. Thus, a low vascular tension due to general vasodila¬ 
tion, may, in virtue of Marey's law, produce a rapid pulse and 
lead the clinician to believe that he is dealing with a goiter 
which has assumed the hypertliyroid or thyrotoxic type. On 
the whole, a rapid pulse does not always preclude treatment for 
simple goiter—^with cardiac complications perhaps—unless the 
tachycardia be accompanied by other symptoms of larval Graves’s 
disease. 

When a cardiac disorder of an adynamic type, especially 
dilatation of the right ventricle, is detected, the iodides are safer 
than thyroid gland. Unless the rare type of “cardiac goiter” 
be present, digitalis is of material help in the curative process; 
digitalin, grain (0.06 Gm.) twice daily, not only enhances 
the cardiac dynamism, but tends also to regulate the vw d tergo 
motion of the blood in the body at large and thus relieve the 
congestion of the thyroid—^a prominent feature of the enlarge¬ 
ment of this organ which constitutes goiter. 

In rebellious cases the injection of boiling water into tlie 
goiter may be tried. Porter’s method previously described (see 
page 237) may be employed. John B. Wyeth** recommends the 
following method: The skin and the area to be injected arc 
anesthetized by means of novocaine solution, one-half of 1 per 
cent. A steel syringe is filled with boiling water from a cal¬ 
dron, and the water immediately injected by inserting the needle 
well into the substance of the mass. To prevent scalding of 
the skin, the contiguous surfaces arc shield^ by a covering of 
towels, only the point of injection being left exposed. As the 
steam or water is apt to escape from the needle, a gauze swab 
is held as a shield in front of ^e needle, which is thrust through 
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and into akin when the contact ia made. Fr<m ten to tirenty 
minima an foTced out in one apot; after wbidi the needle is 
partially withdrawn, the point carried to a new field, and the 
injection repeated. Three or four such areaa may be injected 
at one sitting; injections are repeated as required, at interrals 
of one or two weeks, until the tumor disappears. In a case 
cited five injections were made in ten wmks, and in three months 
the goiter bad entirely disappeared. Important vessels and 
nerves, as well as the trachea, fdiould, of course, be avoided, and 
it is advisable not to point the needle immediately under the 
skin, as the excessive heat so directly applied may produce 
necrosis. A Bunsen burner or alcohol lamp held under the bar¬ 
rel of the syringe just as tlie needle is being inserted will insure 
tlie high temperature required. Care should be taken to avoid 
the veins. 

Electricity sometimes proves of value, but only as an adju¬ 
vant to internal treatment Galvanism may be administered 
by applying one of tlie electrodes, well moistened in saline solu¬ 
tion, to each side of the goiter; 10 or more milliamphres of the 
constant current should be used fifteen minutes every other day, 
the positive pole being placed over the goiter. For large growths, 
the electrodes should be broad and malleable, the one covering 
the entire surface of the goiter, while the other, well moistened, 
is applied to tlie back over tlie seventh cervical vertebra. A cur¬ 
rent of 20 milliampdres or more is required to insure penetra¬ 
tion. Cataphoresis may be carried out merely by wetUng the 
negative electrode with Lugol’s solution instead of saline solu¬ 
tion. In most cases, however, especially where the general symp¬ 
toms of hypothyroidia are not very marked, the internal adminis¬ 
tration of the iodide with galvanism will suffice. The latter 
cmitributes to the curative process by increasing the contractile 
activity of the blood-vessels, thus relieving Gie engorgement of 
flie gland. Static electricity has also been used advantageously 
by some observers. 

The X-rays have been tried, but the prevailing opinion is 
that they should not be used in hypothyroidia, their tendem^ 
being to inhibit further the functional activity of the gland— 
to the point of myxedema in some instances. Especially is this 
danger to be borne in mind in the case of goitrous <»bi1dm n 
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Vaccine thenpj offers a promising thenpentic field in 
goiter. McCarrison,« in studying the amebic flora of the intes¬ 
tine in cases of endemic goiter in India, was led, by the unifor¬ 
mity of the bacterial growth, to try the effects of a vaccine mode 
from this comjiosito growth upon some of the cases. There 
followed a prompt decrease in the size of the enlarged gland 
and complete recovery in many cases. Upon examination of 
this bacterial growth it was found to consist mainly of a some¬ 
what altered type of colon bacillus, lie therefore used a vac¬ 
cine made from this alone, and obtained similar good results. 
He also tried the effects of a vaccine made from a staphy¬ 
lococcus and one from a spore-bearing bacillus, with favorable 
results from both. He treated 33 cases in all, with most excellent 
results, but calls attention to the fact that tlie treatment is 
suitable for recent cases of parenchymatous goiter only, t.e., the 
hypothyroid type. The results were best when the composite 
vaccine was used. By way of explanation of the action of these 
varied vaccines, he sugg^ts that the cases studied by him in 
India, were due, as he had previously found, to an ameba in the 
intestine; tliat the thyroid is the means of combating certain 
toxins normally present in the intestine; that when to these 
there is added the specific virus of goiter (from the amcl>a) 
there is an extra strain put upon the gland, and in consequence ■ 
of this it undergoes hypertrophy. By the use of one of the 
vaccines, which in itself is in no way specific for goiter, there is 
removed from the thyroid gland the added strain of neutralizing 
the toxins arising in the intestine from the bacteria there 
present, and the gland is able to return to its normal size and 
take care of the specific toxin of the disease. This interpretation 
is in accord with my own, the amebic toxin acting as patho¬ 
genic agent, which the vaccine combats by promoting the forma¬ 
tion of antibodies, thus relieving the need of excessive thyroid 
activi^. 

Langmcad** tried vaccines prepared from coliform bacilli 
from the patient^s own bowel in eight cases of parenchy¬ 
matous goiter. The growth disappeared in one instance and 
diminished in size in the rest, 'ne initial dose was usually 
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125 nullions, increaBed by 26 or 30 millions at each injection 
administered weekly. 

The diet is an important feature in some cases; meats 
should be partaken of sjuiringly owing to their tendency to raise 
the blood-pressure in some cases, and in others totally omitted 
if the case be one due to autointoxication of intestinal origin. 
Violent physical exercise produces the same effect as meats by 
increasing abnormally the average of wastes. 

HTPERTHYBOID OB TOXIC GOITER. 

In the group of parenchymatous or simple goitm it is 
now customary to include—^thou^ injudiciously, since they thus 
tend to be overlooked, to the detriment of the patient—^the con¬ 
siderable number of cases in which certain symptoms of thyro¬ 
toxicosis, In particular those relating to the heart, occur, nrarly 
always, however, in the absence of exophthalmos. In my opinion, 
most if not all these cases are instances of larval exophthalmic 
goiter—^this being sustained by the fact that the usual treatment 
for their condition is alone beneficial. 

According to Brenizer, hyperthyroidia or thyroid toxemia 
is observed in 20 to 26 per cent, of all cases of simple goiter. 
'The condition occurs most frequently in cases of diffuse or en¬ 
capsulated adenoma of the thyroid of several years’ standing. 
The toxic symptoms may arise either gradually or suddenly. 
The entire group of these cases has been termed by Plummer 
"toxic non-hyperplastic goiter,” thus emphasizing the need of 
considering separately from simple goiter. Moreover, experi¬ 
enced clinicians are in accord that the state of the patient 
approximates more and more that of exophthalmic goiter, and 
tho same preliminary measures and precautions as are necessary 
in the latter condition are indicated in hona fide cases. 

Trbathbnt. —^When a goiter is showing a tendency to 
assume the Graves syndrome, Fowler’s solution, 2 to 3 minims 
(0.12 to 0.18 C.C.), three times daily in half-glassful of water, or 
the bromides to reduce the sensitiveness of the centers, and cold 
compresses over the gland are useful. But if tachycardU^ 
tremors, etc., persist, the treatment for Graves’s disease (g. «.) 
diould be employed. Thyroidectomy or at least ligation of some 
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of the arteries of the thyroid should be performed if the less 
radical measures which usually succeed in Graves's disease fail. 

L. P. Watson,** of Oklahoma City, obtained gooil results by 
injecting 10 to 40 c.c. (15 to GO minims) of a sterilized 30 to 50 
per cent, solution of quinine and urea hydrochloride into the 
growth, in fifty cases of hyperthyroidia. He rceoinmended the 
method only to relieve the latter condition and not to romovo 
the goiter, though the latter may disappear, when small. The 
injection must be used with discretion; its indiscriminate nse 
by an inexperienced person might have had results. 'Phe use 
of local anesthesia cannot be too much emphasized, and he ]irc- 
ce<le8 it in all toxic cases with preliminary injections, into the 
most prominent parts of the goiter, of a few minims «)f sterile 
salt solution, followed by' sterile water injections. 'Pwo to ftmr 
preliminary' injections will accustom the patient so that the 
quinine and urea can be safely given with slight discomfort. As 
soon as no hyperthyroidal reaction follows the water injections 
their usefulness is over. After the usual asc]>tic pm-antion and 
the anesthetization of the site of the injection with a 0.1 j)cr 
cent, cocaine, or a 0.25 novocaine solution, the needle is car¬ 
ried down to the body of the goiter, repeating the injc<‘lions 
every third day, according to the progress of the patient. Prom 
8 to 15 injections are usually necessary to bring about 
marked improvement. In cases of recent cystic g<»iler with 
mtalerate liyTKirthyroidism he aspirates the fluid and makes from 
1 to 3 injections. In his conclusions lie says the iiijc'clion will 
not relieve advanced cases when the vascular and nervous sys¬ 
tems have been permanently damaged, and, while the rntdluMl is 
harmless in experienced hands, it should be used only in a 
hospital. 

HYPOTHYROID DEGENERATIVK GOITER. 

This type of goiter may occur as a morbid development of 
the simple or parenchymatous form reviewed almvc, hut it docs 
not,, as is the case with the latter, represent a uniform patho¬ 
logical entity. The characteristic alteration may rax-ur in one 
or several parts of the gland, thus giving it in most instances an 
irregular Or nodnlar surface. The afTcctcd areas may lie the 
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neat eitlier of an increase of follicle^ vrasels, etc., a tme hyper¬ 
trophy, or of accumulations of,more or less thick and tenaciou!« 
colloid, which dilates one or more follicles. These areas, espe¬ 
cially when a single nodule is present, tend to degenerate oyrin;; 
to the influence of the proliferated tissues upon the neighboring 
structures and upon the local vascular supply, and to become tho 
seat of hemorrhages. Nodule of the isthmus ia relatively fre¬ 
quent, the mass projecting from the middle of the neck. 

As goitrous masses may develop anywhere in the gland, and 
simultaneously in several parts of the organ, while varying 
greatly in shape and size, the pressure effects they produce vary 
greatly with each case. The trachea may be displaced from 
side to side, twisted, or compressed against the spine, thus pro¬ 
ducing dyspnea; the cervical vessels and the vagus may also bt 
pressed upon, causing congestive disorders of the brain, syncope 
slowing of the pulse and dyspnea. Hoarseness and aphonia maj 
occur, if the recurrent laryngeal is pressed upon. Occasionalb 
sympathetic nerves are compressed, thus giving rise to vasculai 
phenomena or paralysis in toe parts which these nervea supply 

The progress of recent years in the treatment of degenera 
tive goiter renders it necessary to identify its various forms 
some being amenable to measures which cannot be used in othen 
Thus, while aspiration is sometimes possible in cystic goiter, i 
is of course unavailable in fibrous goiter, etc. The various type 
are as follows:— 

Colloid Ooiter .—^This form of goiter, which is often me 
with in practice, is thus termed because its main characteristi 
is an accumulation of thick, tenacious colloid in follicles of th 
organ, in isolated lobules, lymph-spaces, and even toe whol 
organ. In the average case the gelatinous colloid (toe growt 
being termed struma gelatinosum by some authors) so overfill 
toe follicles that toe goiter is lobulated and hard. It is probabi 
an advanced stage of the softer goiters, both diffuse and nodula 
and may be distinguished from them torou^ their relative han 
nesg and the fact that they do not become reduced under pre 
sure with toe hand, owing to escape of a part of the fluids i 
the neighboring tissues, as do some of tlie softer growths. Th 
form of goiter is not influenced by internal medication, iodin 
thyroid, etc. 



OOITBR. 


261 


Cffatie OoUer.—Uha form may develop from a colloid 
goiter or from m adenomatous goiter, a funn in which tlie 
glandular epithelium ia embryonic and produces but little 
colloid. It may be composed of retention cysts or of hemor¬ 
rhagic cysts due to rupture of some dilated vessels in the growth. 
This constitutes a special form of goiter. 

Cystic goiter is lobular, sometimes oval, at others circular, 
but always pircumscribed. It is clastic, and usually soft and 
smooth. Fluctuation may sometimes be elicited. Hence the 
fact that it may be aspirated and successfully treated without 
r^rting to surreal removal. 

Fibrous goiter differs entirely from the foregoing path¬ 
ologically in that it is due to the development of tlbrons tissue, 
a result of local inflammation in various parts of tlic organ. 
It is, therefore, hard under pressure and nodular. The gland¬ 
ular elements being more or less compressed by the fd)roiiB 
tissue, their functional power is inhibited, causing a corresiwnd- 
ing degree of hypothyroidia, which, when advance«l, may reach 
the stage of true myxedema. In rare cases the goiter bmmics 
as hard as wood; hence the terms ligneous goiter and Iticdcl’s 
disease sometimes attributed to it. A distinctive feature of the 
latter is its rapid evolution—a few months or even weeks, 
serious pressure effects (described below) developing promfilly. 

Any one of the above types of goiter may, through pn»- 
jection of one or more parts of the gland, awaken a special 
group of phenomena most of which arc serious. 

Intrathoracic Ooiter .—This type, which is by no means 
rare, is the result of a downward development of a nodule from 
either inferior horn of the thyroid. At first remaining alaive 
the suprasternal notch it finally passes down into the thorax, 
behind the sternum, being aided in doing so by the downward 
movemdit of the thyroid and the auction of the enlarged organ 
into the chest, which occur daring inspiration. It is apt l)c 
met in subjects who, owing to their occupation, are obliged to 
l>end the head forward, as in writing, during prolonged perimls 
each day, and in short-necked individuals. 

Aa the intratlioracic goiter develops, tending as it does to 
Itccome very large, the resistance of the sternum causes it to 
compress quite markedly the stnictures on either kide of the 
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tracelia and the latter itaelf, and may become a cause of sudden 
death. 

The diagnosis of intrathoracic goiter is very difficult with¬ 
out the aid of X-rays. The most striking symptoms are dyspnea, 
dysphagia, hoarseness, cough, redness or suffusioa of the face, 
cyanosis of the lips, dilatation of cervical veins and of tliose of 
the upper part of the chest. . Cardiac symptoms, ‘‘palpitations," 
arc usually complained of. Dullness over tlie manubrium 
stemi is also suggestive. 

ComlricHve Qoiier .—In this form tlie nodular mass 
has grown in such a way as to pass behind the trachea and thus 
encircle or (constrict it. It may also he due to cmliryonal mal¬ 
formation of the thyroid, both superior horns of which may en¬ 
circle the trachea or esophagus. Dyspnea and dysphagia are 
the main symptoms. Deep laryngoscopy, esophogoscopy and the 
X-rays are of material help for the recognition of this condition 
—^a very distressing one in most instances. 

Lingual goiter is an interesting, though rare, form of 
goiter which is more frequent in women than in men, though 
in the latter accessory thyroids arc more common. When these 
accessory structures become goitrous this occurs with relative 
suddenncs.s, the growth showing great vascularity. Lingual thy¬ 
roids are situated upon the dorsum of the tongue behind and 
lielow the foramen cccnm and are sometimes very large. They 
cause prolonged fits of coughing, deglutition, spasms, and 
hoarseness. 

Lingual goiter may he confused with malignant growths of 
the same structures. While lingual goiter is painless, however, 
malignant growths are painful and are usually accompanied by 
swelling of the neighboring lymphatic glands. They are apt 
moreover to grow more rapidly. 1'hc lingual gland at the base 
of the tongue may also be the scat of licnign growths: dermoid 
cysts, calcareous deposits, etc., and gummata. 

Hemorrhagic Goiter .—Although the thyroid gland is 
sometimes the seat of hemorrhagic foci in the course of certain 
infections, diphtheria in particular, the term ‘‘liemorrhagic 
goiter” is usually given to hemorrhage occurring more or less 
suddenly in a goiter. The minor vessels of these growths being 
delicate, a blow, a severe strain, violent coughing, playing wind 
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iostTumentSy glass-blowing, a fall, etc., eaurc tliem readily to tear. 
The rraulting symptoms depend in intensitv upon the size and 
location of the hemorrliagic focus, but as a rule they arc severe, 
.•aiiliciently so in some instances to end in almost immediate 
death. Swelling, tenderness, and pain due to distention, in¬ 
creasing dyspnea, cyanosis, asphy.xia and other pressure snnp- 
toms follow in more or less rapid succession accord ing to the 
IcH'ation of the pressure and its degree and direction. 

Symptoms of Dbobnkuativb (Joitbr. —Patients may l»e 
unaware of the c.vistenre of a goiter until some pn>ssiirc symp¬ 
toms among those described l>elow, causes them to scok medical 
advice. Others complain of the necessity of increasing the size 
of tlicir collarband; of disap^iearaucc of the normal circular 
creases of the neck; of stiffness about the front of the neck; of 
dyspnea on inclining the head forward, etc. The goiter heing 
connected through the posterior capsule of the thyroid with the 
trachea and esophagus, deep respiration and deglulitiim cause 
the growth to move up and down, a fact which greatly facilitates 
its dcte(*tion by inspection and palpation. Cough accentuates 
the movement and is especially helpful in the diagnosis of inlra- 
liinracic goiters. Detection of the latter is further facilitated hy 
percussion over the upper part of the sternum, when marked 
dullness is obtained. If the goiter is suiltciently large to cause 
])ressurc on the trachea, a sibilant or whistling rfile may lie heard 
on auscultation. This is apt to be mistaken for asthma in cases 
of intrathoracic goiter occurring in short-ne< ked individuals. 

The diagnosis of a degenerative goihw is a relatively simple 
matter, even in their incipiency, when the measures described 
above arc carried out. From the diffuse, simjde, non-(»».\ic 
growUis, they arc readily distinguished in must instances by the 
fact Uiat they arc nodular. Wliilc the former arc, as a rule, 
diminished in size through pressure ii]M)n them, owing to the 
vascular depletion pnahutsl, nmlular goiters yichf hut little, If 
at all, to pressure. Fluctuation may sometimes In; discerned in 
large colloid or cystic growths. 

Pressure symptoms are far more likely to owiur in degen¬ 
erative goiters than in simple goiters, because <if their tendency, 
in addition to their general growth, to projc»-t no<hd«*s which 
directly or indirectly produce compression of some neighboring 
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structure, the trachea, esophagus, blood-vessels and nerves in 
particular. They may occur early or late in the history of tin' 
case, or suddenly where, as we have seen, interstitial hemorrhag<> 
is caused in the growth by a blow, violet effort, etc. 

Hoarseness is frequently observed in goiters that are suffi¬ 
ciently large to cause distortion of the trachea, compression upon 
the cricoid and thyroid cartilages, thus interfering with tlic 
proper anatomical relations. Hoarseness may also be caused by 
pressure upon the recurrent laryngeal nerve, and by a chronic- 
catarrhal process of the laryngotracheal mucous membrane, due 
in turn to the pressure and the interference with the functions 
of the epithelium through which tlie membrane is kept free of 
foreign substances, mucus, etc. 

Dyspnea, sometimes termed "goiter asthma,’* is a common 
and prominent symptom of goiters tliat have reached sufficient 
size to compress either the trachea, and thus interfere directly 
with respiratioB, or the blood-vessels of the neck an.d neighbor¬ 
ing structures, thus disturbing the circulation and the equable 
return of blood to the heart and lung; or it may compress the 
recurrent laryngeal nerve. The dyspnea is increased by tempo¬ 
rary hyperemia of the goiter or hemorrhage therein, by condi¬ 
tions which increase the demand of air, such as exertion, and 
by local catarrhal inflammation due to the pressure. When the 
trachea is markinlly compressed, tracheal stridor, a loud, 
whistling sound may be heard during both inspiration and ex¬ 
piration. Paralysis of the vocal cords is frequent J. 
Matthews” found in a laryngoscopic examination 6f 1000 cases, 
before and after removal of the goiter, 289 instances of partial 
paralysis and 272 of complete paralysis. Becovery of the vocal 
disability occurred only where the paralysis had been of short 
duration. 

Asphyxia may readily be produced in such casm by sudden 
violent exertion, bending tlie head in such a way as to increase 
pressure of the growth on the trachea, sadden pressure on tiie 
growth, constriction of the neck, violent cough; hemorrhage into 
the goiter, thus suddenly increasing its dimensions; swallowing 
the wrong way, anger, by causing tnrgescence of the cervical 
vessels, etc. Cyanosis is not necessarily a ^mptom of ihreaten- 
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ing aspliyzia> since it may also occur when tlie veins wliicli 
drain the head, neck, and arms are compressed by tlie growth. 
The latter form may occur irrespective of dysjinea; it is apt to 
be especially mark^ during exertion. It alTects chiefly the 
cheeks, lips, and tongue, and also the arms when the iunumiiiatc 
veins are compressed.' 

Cardiac phenomena are frequent in goiter, as previously 
stated. The dyspnea is often increased by dilatation of tlie 
heart, due to the interference with tlie respiration. The heart 
should always be examined; in tliese cases, since appropriate 
treatment is very helpful. Dilatation of the heart may also bo 
doe to pressure exerted by the goiter on the blood-vessels, and to 
the effects of defective nutrition incident uiion the hypothy- 
roidia upon its muscular elements. 

Paralysis of various muscles of the arm, and jninibiiess of 
the fingers, occasionally met with, are due to pressure ujmju the 
brachial ple.YU8. These symptoms are mainly observed in inlra- 
thoTBcic goiter. Irritability, nervousness, restlessness, and 
other nervous phenomena may also be witnessed when hyportliy- 
roidia is a feature of the case. Insanity is more frequent in 
goitrous than in normal individuals. 

Myxedema may suiiervene when the functions of tlie thy¬ 
roid have been sufficiently inhibited by fibrous and other degen¬ 
erative changes, practically to arrest its functions. 'I’liis conipli- 
<»tion is seldom witnessed until very late in the history of the 
case, unless the injudicious use of X-roys has totally inhibited 
its function, however, owing to the fact tliat a small ]>ortiun of 
normal gland suffices to carry on its functions. 

TanaTUENT.—^Under appropriate treatment, provided the 
causative intoxication be removed, good results are obtained in 
some cases of degenerative goiter—exclusive of course of the 
malignant types—e^iecially when in young subjects, by the 
measures indicated for the simple form. The use of iodine re¬ 
quires, however, considerable care and sliouhl only lie resorted 
to tentatively. In some types, the colloid for instance, any halo¬ 
gen or thyroid may give rise to untoward effects, owing to in¬ 
ability of the diseased gland to assimilate jodinc. Cases of long 
standing, even though the goiter lie small, are those most likely 
to react unfavorably to this form of treatment. All tlie other 
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remedial agents described—^mjections of boiling water, electri¬ 
city, galvanic or static; the X-ny^ etc.—may be tried. In cystic 
goiters the aspiration of the contents of cysts can be resorted to 
and the reduction of growth thus greatly hastened. Bemoval of 
the causative intoxication, whatever that be, is essential, how¬ 
ever, and sometimes affords surprisuig results. Especially is 
tills the case when the source of intoxication is a focus of infec¬ 
tion, sucli as chronic tonsillitis, or alimentary autointoxication, 
etc., wliicli call be eliminated. 

When tlie various measures indicated in simple goiter have 
been given fair trial and no result is obtained, surgical measures 
are indicated. 

SuKoiOAL Treatment.*—^T lie advisability of surgical treat- 
ment in goiter depends not only upon the type of goiter present, 
but upon the stage tlic disease has attained, the results which 
may bo expected or have already been secured by medical treat¬ 
ment, the extent to which operation might reduce thyroid func¬ 
tion below tliat required by the organism, and various other 
factors. 

In simple goiter surgical treatment is occasionally dc- 
nuuuled: (1) owing to the disdgiircmcnt, where the swelling 
is large; (2) because of symptoms due to jircssure on the trachea, 
esophagus, larynx, or otlier structures in the neck or upper part 
of the thorax; (3) when enlargement of the goiter is raiiid and 
a malignant nature is suspected; (4) when symptoms of hyper¬ 
thyroidism appear; (5) when infection of the goiter occurs. 
Many patients come to the surgeon for cosmetic reasons alone. 
The risk attending operation in simple goiter being slight, 
radical treatment, provided medical measures have proven in- 
effeclml, may be looked upon with favor in cases requesting it, 
—especially since a considerable proportion of simple goiters 
may subsequently undergo changes resulting in injury to the 
heart, kidneys, and liver, and jmssibly become cancerous in later 
life. 

In the presence of mechanical symptoms, the patient is 
again often the best judge as to the time when the discomfort 
experienced is such as to reiiuire operation. Fain due to pres- 

• This mh-section has bsen «|1tten by the snUior’s soo. Dr. Loals T. da 11, 
Bajoiis. 
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sure, Bometimes occasioned by bemorrhogo wifbin tlie glatwi, 
may be the chief symptoms indicating intervention. In the 
various types of non-exophtlialmic, i.e., non-toxic goiter, includ¬ 
ing colloid, parenchymatous, cystic, and’ general adenomatous 
conditions of the gland, definite indication for o|ieration is 
nflbrded less by tlie size than; by the location of the goiter tis¬ 
sue. At times a swelling not exceeding a chorry in size lunv’ 
cause urgent discomfort, whilst in other coses even a large g«»iter 
occasions no distress oUier than that of iinsightlinoss. 

Among tlie advantages of o|wration, where a dennite indi¬ 
cation for it exists, are its effect in preserving rt'sidual healthy 
thyroid ‘tissue from destruction by pressure necrosis and the 
frequent resulting improvement in the lieart action, even simple 
goiter being capable at times, wo have seen, of inducing the well- 
known “goiter heart”—an effect usually attributed, though 
apparently often without justification, to pressure of the growth 
on blood-vrascis in the neck. 

Colloid and adenomatous goiters arc, as a rule, but slightly 
responsive to medical treatment, and where ])ressure symptoms, 
exist should be operated, the diseased ])art of the gland lieing 
removed and its letter portions preserved. 

In intrathoraoic goiter with pressure sYin])tomH, (Mirly in¬ 
tervention is indicated. Such a goiter, extending from 
either thyroid lobe, two or more inches i>enenth tin; sU'rnuni 
and into the tliorax, particularly demands prompt operation. 
I)ut is sometimes entirely overlooked or not detected until it is 
too late for operation. 

The period of life at which a goiter appears has a distinct 
bearing on the oja^rative indications. In particidar, in the 
simple goiter met with in adolescents, a somewhat edematous 
type of colloid enlargement of the gland, operation is rarely 
indicated, as the goiter will often subside eitlicr with or without 
medical treatment. Severe dyspnea in goiter at pulicrty, how¬ 
ever, is an indication for operation (T^gg). 

Most substantial goiters, however, cause cough, hoarseness, 
and suffocative attacks which lead eventually to their dis<’overy 
through percussion and X-ray examination. Prominent veins 
extending from the neck down on the chest may also be note<l. 

]^pid enlargement of the thyroid in the form of an irregn- 
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lar, hard growth may occur, we have ceen, because of hem(»^ 
rhage, in a simple benign goiter, but is more generally indicatiTe 
of carcinomatous or sarcomatous degeneration of the ^and. 
Early operation is then required, as will be shown under the 
succ^ing heading. 

According to most surgeons, all goiters sliould be operated 
'on when they are nodular, cystic, or beginning to adhere to 
neighboring structures, especially in adults. Bemoval of both 
lobes of the thyroid is, howcrer, not required in innocent goiters. 
If both are enlarged, that which is the larger and extends lower 
and more deeply into the neck is the one to be removed. At 
times the lobe which is the cause of the symptoms, while extend¬ 
ing lower in tlie neck, is the less enlarged of the two; this is, 
nevertheless, the one to be selected for removal. Where the 
tracliea is displaced, that lobe which is the cause of the distortion 
should be removed. 

In diffuse colloid and general adenomatous goiter, the re¬ 
moval of one lobe and of the isthmus is generally the procedure 
of choice, though in some instances removal of a portion of 
each lobe, as adviscfl and practised by Mikulicz, is required. 
After the unilateral operation the remaining lobe generally 
undergoes later a reduction in size. Since, moreover, the ex- 
tiri>ated lobe is that which is the most diseased, or exclusively 
diseased, tlie greater part of the enlargement can generally be 
removed without serious reduction of the properly functionating 
parenchyma. 

In rapidly growing parenchymatous goiter in. young in¬ 
dividuals arterial ligation has been advised for the purpose of 
causing atrophy of the goitei) tissue. 

Encapsulated thyroid tumors may be removed by perfora¬ 
tion of the gland substance and enucleation with the finger or a 
blunt instrument. This is generally the case in the largest* 
substernal goiters. Encapsulated thyroid adenomata are apt to 
become cystic. Enucleation is, here again, the procedure of 
choice, tapping or injection, which might suggest thentselvea 
as simpler expedients, being inadvisable. Tapping may, how¬ 
ever, be resorted to in the course of removal of a cystic substernal 
goiter, to facilitate its extraction from beneath the sternum. 
Even in freely movable goiters, provided they can be pushed 
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dofwn bdiind the sterauni or clavicio, renioTal is considered ad- 
▼isable, as a prophylactic measure. 

In large adenomata in which there is only a titin layer of 
thyroid tissue over an extensive area of the tumor the proce<lnre 
known as “resection-enucleation” may be carried out, the por¬ 
tion of thyroid tissue over the tumor Iieing left attached to and 
removed with it, and the cut edges of the gland then united with 
sutures. 

Optative Rinht and Reftnlta .—The mortality in o]»erali«>ns 
in uncomplicated aim])1e goiter is only a fraction of l per cent. 
The safest type of all eases for n]ieration is that where the tumor 
is rounded and rather even in outline, i.s., typically where it is 
cystic in nature. Firmness of the thyroid enlargement is a 
favorable feature, meaning that the gland has a strong capsule 
and that the removal can he effected easily. 

Risk increases, on the other hand, where the trachea has 
been compressed for some time, with resulting hmnehitis. 
emphysema, poor oxygenation, and impairment of cardiac lU'tion. 
The fatter unfavorable condition may also ho a result, of markinl 
interference with venous return through jiressure on largi* ves¬ 
sels at the thoracic inlet, particularly if tlmunlmsis has occurred, 
or of disorders such as atlicroma of the coTonary vcswls or fatty 
heart. Tn all these cases cyanosis and piiniiuHis of the fact* 
manifestly more pronounced than would reastmahly la* expcctctl 
in view of the size and situation of the existing thyroid tumor 
are likely to be met with. 

The danger of operation on the thyroid is also incn‘ased 
when the organ is in a condition of diffuse follicular colhtitl 
degeneration, the proportion of normal glandular tissue being 
greatly reduced. These arc often large, iioilulatetl goititrs. 
pressing on the trachea and only slightly movable. V’ascular 
ligation followed by unilateral excision is the l>est procwlun* in 
these cases to minimize danger. 

According to Mayo, hemorrhage, either primary or delayc<l, 
with the efforts made to control it, constitute the nuwt impor¬ 
tant cause of death in operations for adenomatous goiters. 
Tnclnsion of some muscle tissue in ligation of the superior thy¬ 
roid artery seems to have been usually responsible for delayed 
hemorrhage. Fortunately, patients with adenomatous goiters 
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nearly always can withstand serious hemorrhages. The opposite 
is the case, on the other hand, in advanced and complicated 
cases of exophthalmic goiter. As for tlie danger from injury or 
removal of the parathyroids, care to pre>terve the posterior cap¬ 
sule, espw ially if in colloid goiter, both lateral loljes of the 
gland are operated on, is the cliicf prophylactic requirement. 

Other possible causes of danger or death in tliyroid surgeiy 
are acute thyroid ism, collapse of the trachea due to absorjition 
of cartilage through pressure, and such more general conditions 
as shock, air emholisin, heinorrliage, pneumonia, infection, and 
anesthetic intoxication. 

The author of the present work is not of the opinion, how¬ 
ever, that the belief that ‘*acute thyroidism’^ actually occurs 
when collapse follows thyroidectomy is well grounded. He 
ascribes the collapse to shock and has saved life, where "thy- 
rotoxicosis” had been thought to exist by the surgeon, by at 
once porting to hypodennoclysis and the simnltaneons inject 
tion, into the rubber .tube of the saline solution apparatus, of 
drop by drop of 20 minims of 1:1000 solution of adrenal 
chloride. Itocovery is almost immediate under these conditions. 

Acute infltunmation of the thyroid, with or without adjoin¬ 
ing structures, contraindicates thyroidectomy for the time being, 
incision and drainage being required as in other local infective 
conditions. 

The useful results of radical treatment in simple or malig¬ 
nant goiters consist in the removal of n source of discomfort. 
ph}sical deformity, dyspnea, hoarseness, and frequently of 
danger to the patient’s life. In simple goiters with bilateral 
thyroid enlargement, removal of one lobe and the isthmus will 
generally be followed by shrinkage of the remaining lolie. In 
malignant tumors of the thyroid, a cure, if effected, will usually 
be obtained only where the condition is incipient and has not 
been suspected before operation. 

MALIGNANT GOITER. 

Malignant goiter is found, as shown by the records of the 
Mayo clinic in less than 1 per cent of cases of goiter subjected 
to oi>eratio]i, and in 4 per cent, in Crile’s cases (191?). In most 
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iiistftiiC6^ it appears in a simple goiter of long standing. BotJi 
carcinoma and saixxjina are witnessed, the latter Wing niiicli 
rarer than the foniier. Diffnsi* malignant adenoma of the thv- 
roid is a rare fonn which, owing to its lohnlatcd surface, n?- 
sembles simple colloid. It differs fiHnn the latter, however, in 
recurring after removal. 

Malignancy is suggested by the oi-c-urreni-c of pain in a 
prc-e.xisting goiter, when this symptom cannot be traci'd to 
strumitis, i.e., influmniation of the goiter j>er sc, es|iecially if the 
cachectic facies is present. 

The surrounding lymph glands arc apt to be involved curly. 
Metastascs seem to show a ]>rudilcetion for the oss(‘t>iis syst(‘m, 
but the morbid process tends gradually to involve neighboring 
organs, including the trachea and esophagus and to entail |K.‘r> 
foration of these structures, Suggestive of cancer, in addition 
to those due to pressure by a sutliciontly cnlargtHl or iiiMliilur 
gland, arc radiating jiain, hemoptysis nr hemorrhage, trai'cable 
to congested pharyngeal vessels or tracheal or esophageal ulcora* 
tion, or both, where there is a trachco-csophageal fistula, and 
the regurgitation or e.\i>ccturation of juis and detritus. Sar¬ 
coma may present itself as U smooth tumor, while a curciiioma- 
tous goiter is usually nodular. 

Trk-VTMKxt. —Karly o|)cratiuu is iiidicaied in fliyndd can¬ 
cer, the whole gland being reniovctl. but rcs|)4vling the 4-apsulc 
whenever {K>ssiblc. In late ninligiianl dis4>as4‘ of the tiiyroi*! 
with lymphatic involvement, i>|>erntion except for the relief of 
pressure symptoms is hardly Ut be reitimiimmlcd, as tlw (lev«*lup- 
mciit of the tumor may be hastencil thereby. 'I’bc imimMlint«* 
nniulta arc likely to be good, but recurrence is alnmsl ciTtain. 

OoUrous acrensory gland*, es})ccially tlios4> lying between 
the trachea and csopliagns or heliind the csiipliagus. may 
become the seat of malignant tumors and cause l■^)rrcs|Mlll«lillgly 
grave pressure symptoms. Others lying lM‘twiH*n tin* hyoid 1m»iic 
and aortic arch, and which resemhie lyinpli-glnnds. may also l»e 
the seat of goitrous devclopnicnt, «K-rnsi«»iiBlly malignaiii. 

Enlarged accessory thyroi«l Iwm1h*s <‘an be idenlirie*! only 
with difficulty if the enlargement c«»rrcs|Kuuls, as to location, 
with one of ilie thyniid. .\s a rnli*. b»»w<‘ver. Ibcir abnormal 
.location suggests the presonci* 4)f aei'cssory-gland goiters. 
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GOKGENITAL GOITER, OR GOITER IN T&E NEWBORN. 

% 

Contrary to the prevailing opinion, this form of goiter is not 
infrequent and is often fatal, owing to pressure on the trachea, 
nerves, and blood-vessels of the cervical area. According to 
Qonnet,** Demme, in 642 cases of goiter, found 37 in the new¬ 
born and 59 in infants from 2 to 12 months of life. Diethlin, 
in 2292 cases of goiter, observed the condition in 25^ cases 
during tlic first year. Bichard found 43 cases of really con¬ 
genital goiters. Th^venot reported 130 cases. 

In some infants the goiter is purely congestive, owing, prob¬ 
ably, as occurs during parturition, to pressure upon the infant’s 
neck, especially in face presentations and when forceps are used, 
ft may also be due to persistence of the fetal circulation, but 
in most instances is of the parenchmatous type and is inherited. 
Gonnct, summarizing the cases reported by Demme, Itiehard and 
his own in this connection, states that out of 113 instances of 
congenital goiter 67 were in infants whose parents were 
goitrous. In 6 coses reported by Mooney** the mothers were all 
goitrous. Tliis is readily accounted for by the fact that the 
same to.xic influence which caused goiter in the parent also 
caused it in the offspring. In some infants the goiter encircles 
the trachea sufficiently to compress it and interfere with respira¬ 
tion, constituting a true constrictive goiter. It may also in¬ 
clude tlio esophagus, in its grasp, insinuating itself lichind it, 
even though appearing but slightly or not at all p.xternally. 

Syuptomh. —In a goitrous infant death may occur almost 
immediately after a few efforts at respiration. Many arc born 
prematurely, or arc stilllmrn. Or, the infant shows signs of 
asthma, reaching in sonic instances to intense dyspnea with 
cyanosis, the child’s cry being shrill or rasping. Death may 
oc(‘ur suddenly immediately after the cord is ligated. When tlm 
goiter is due to simple congestion of the thyroid from com¬ 
pression or any other cause during parturition, or to screaming 
or writhing, it may disappear within twenty-four hours, never 
to recur in some cases; more frequently, however, it reappears 
intermittently. Dysphagia due to pressure upon the esophagus 

■aonaft; Rerae Mcaa. d« OjraSrol. d. Obat ct de PM.; Sarf. Ora. aad 
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» not infrequent^ the infant, in some instances, refusing to 
none. 

The clinicel signs, with the csception, perhaps, of a dight 
swelling of the front of the neck, niav not appear until several 
weeks or more after birth. The goiter may sometimes be felt, 
bat in most instances it is quite small, and only discernible 
when the head is thrown back to stretch the neck, or during 
d^lutition. In 130 cases in literature Fable and Thevenot 
found that Uie symptoms described were practically thosii 
observed in adults. 

When the goiter is due to congestion from pressure, which 
may be suspected after face presentation or forceps cases, the 
prognosis is good, particularly if measures (*aiculated to sus¬ 
tain oxygenation are resorted to. In true <*ong»*nital goiter 
prompt surgical procedures will alone save life when the growth 
is of sufficient size to cause pn^ure symptoms. 

Treatment. —^The main indication is to restore respiration 
and sustain it. The various forms of artilicial respiration with 
oxygen inhalations are very helpful. If. notwithstanding cfTorts 
in this direction, dyspnea recurs and jH'rsists, section of the 
isthmus, or exothyropexy, should W jH‘rfonne<l. 'I’lu* reli«*f is 
immediate. The operation also leads to retrogression of the 
goiter. 

Tracheotomy should never Im resorted ti>, as it is often 
followed by broncliopneumonia, hemorrhage, or itther complica¬ 
tions. Intubation has been rcc’ommendcd by some authors. 

In the congestive type cold compresses to the mK*k and 
warm foot-baths or hot baths tend greatly to reduce the swelling 
of the gland. In parenchymatous goiter which does not thrcati'U 
life thyroid gland, 2 grains (0.13 Qm.) twice daily, adminis¬ 
tered to the nursing mother, causes gradual disajtpcaranra of the 
goiter in both mother and child in some instances. Soilium 
iodide, 5 grains (0.3 Qm.) three times daily, may Im; given 
instead if tbjToid cannot be taken. A weak iodine ointment, 
rubbed gently into the goiter daily, avoiding cutaneous irrita- 
tion,-i8 also helpful. The tincture of iisline should not be used. 

Pregnant women with goiter should he treated in the same 
way to arrest the possible development of a goiter in their 
offspring;, and to pravmit complications. 
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OTRUHITIS, OB INFLAMMATION OF A GOITES. 

Inflammation of a goiter may be cauaed by the inra^tion 
of bacteria and their toxins, brought to the goiter by the cir¬ 
culating blood in tbe course of various infections, particularly 
those which are seemingly benign: tonsillitis, laryngitis, bron¬ 
chitis, and ulcerative nasal disorders, enteritis, etc.; though, 
as in acute thyroiditis, the more serious disorders—^typhoid fever, 
diphtlieria, lobar pneumonia, polyarthritis, pueriieral sepsis, 
bui'illary and amebic dysentery, Asiatic cholera, and other infec¬ 
tions—may likewise provoke it, chiefly toward their close. 
Pathogenic bacteria seem to have an affinity fur cysts and degen¬ 
erated ikmIuIus. Traumatisms, punctures, even such as arc prac¬ 
tised when tlicruiieutic agents arc injected into a goiter, may 
also cause strumitis. It has also been ascribed to poisons, con¬ 
stituting the form known as *‘to.\ic strumitis.” 

Hymi>toms. —Strumitis usually begins by a sensation of dis¬ 
comfort in the mass and a chill, soon followed by local pain, and 
marked sensitiveness to pressure. Then appear fever, headache, 
and the most distressing symptom of strumitis: dyspnea, some¬ 
times threatening asphy.xia. This is due to pressure of the 
swollen grntcr upon the trachea, or to impaction of the mass 
between the sternum and the trachea, complicated often with 
edema of the larynx. 

Dysphagia may also be marked and painful, each liolns in 
passing along the esophagus e.\erting pressure uiam the In¬ 
flamed gland, lladiating pains in the neighboring structures up 
to the oc(‘iput or down the arms, owing to pressure of the in¬ 
flamed growth on nerves, is sometimes complained of. Hoarse¬ 
ness is frequent from the same cause, or as a result of glottic 
edema. If jio pus be present, the inflammation tends promptly 
to subside. 

When suppuration occurs the fever may assume the hectic 
type, with exacerbations and severe malaise and prostration. 
When this occurs in connection with a general infection, the 
prognosis oi the latter may be markedly aggravated. 

The inflamed goiter may become elastic and fluctuate if the 
abscess is large, which is often the case in strumitis. It maj 
rupture into the surrounding tissues, open; into the trachel^ 
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esophagus, the larger vessels, or, again, burrow down into the 
mediastinum, tlie lungs, pleura, etc*., with its attendant dangers, 
or upward along tlie sheatlis of the great i-ervical vessels. It 
may, however, open externally, to the great relief of the patient. 
Occasionally a small abscess is absorbed. 

The only condition with which the strumitis may Imj con¬ 
fused is maligiuint growth, when softening, siippurntion, ami 
cachexia are prolonged. The course of cancer is not as rapid, 
however, and cultures and examination of fragments of the 
growth will usually establish the identity of the comlitioii 
present. 

PuoiiNosiH.—The progress of the niorliid i)rmcss is gov¬ 
erned by the intensity of the infc*ctioii. Suppuration invariahly 
prolongs the case, but if the abscess can be ruacbed and evacuated 
the acute symptoms ]irum])tly subside. 

A persistent abscess or a collection of them entail the dan¬ 
gerous phenomena enumerated above, which may cause death. 
Surgical measures, therefore, arc indicated to save life. 

Trkathbnt. —I'he troatnient is ])m-isely the same as that 
recommended for acute thyroiditis, vi%., cold c«unpresses bs'sHy. 
and saline solution by the mouth or rcctally to reduce tlie vis¬ 
cidity of the blood coursing tlmnigh the organ. Chloral bydrut4> 
or veratruin viride used with (arc; is advantageous to reduce the 
(.‘ongestion of the organ, the former also acting ns an aniilgitsic 
by favoring sleep. 

If symptoms indicating siippurntion 4K*cur, the abscess if 
single, which is more frcipiently the case in striiiuitis tlian in 
acute tly’roiditis, should be carefully l«H*atod and evacuated. 
Koclier advocates c.veision of the goiter in such jaiticnts, if the 
surrounding tissues arc not involved in the suppurative pna-ess. 
The operation should bo precede*! by an exploratory punctuix* 
and examination of the fluid, pus, etc., contained in tin* organ 
to ascertain that the bacteria therein, partii-ularly the i-olon 
bacillus or the staphylococcus albiis, arc luui-viriileiit. The pus 
should first be removed by aspiration and an aiitiscjitic solution 
injected into the cavity. When the abwess has extended to the 
surrounding tissues, the sphacidous areas shoubl be o|ieue<l with 
the galvanocantery and tlie pus evacuate*!, but excision *if the 
goit^ would not be a safe pro<'e*lure. The evacuation of the 
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abscess should be done with due care, and the cavity washed out 
to remove all pus, rather than cleared with the curette or wiUi 
the finger, which may provoke dangerous hemorrhage, as in a 
case observed by Bonney. 



OHAPTBH VI. 


THE THYEOID, THYMUS, PITUITARY, AND 
ADRENALS IN MENTAL DEFICIENCY. 

IDIOCY AND MENTAL BACKWARDNESS IN cmiJ}REN. 

In treating this general aubject, it will be ncccgwy to refer 
briefly to a function of the adrenals which 1 first pointed out in 
1903 and daecribe elsewhere in tliis work. I shall urge 
that the nerre-cell, i.e., the neuron, should be regarded as an 
organ through which circulates, os clrawhere in the body, the 
albuminous constituent of the hemoglobin which I have identi* 

as the adrenal secretion converted in the lungs into an 
oxidizing substance (adrenoxidase). This will be shown to react 
throughout the cell, with its phosphoruS'laden myelin (supplitHl 
in turn with its nucleins by the thymus, as we shall see), the 
reaction leading to the production of nerve-energy. This energy, 
in turn, being the sine qua non of the functional activity of the 
neuron in so far as its efiicicney os the organ of mind in Uic cor¬ 
tex is concerned, all conditions capable of interfering with the de¬ 
velopment of this energy through deficient activity of the diu-t- 
less glands, or with the structure or functional dliciency of the 
neuron, will be introduced as so many factors cai»blc of cngini- 
dering mental defleieuoy. 

The ductless glands being thus regarded prominent fa<'tors 
in the development of the brain and the inaintcnau(« of its 
psychic functions, it follows that toxemias, whetJwr occurring 
Nt lUero or after birth, especially th(M*e caused by certain in¬ 
fectious diseases of childhood, should, by provoking organic 
lesions, such as interstitial hemorrhage and its resulting fibrosis 
and atrophy, or by exhausting the organs, render them incapable 
of carrying on that nutritional function of the brain-cells and 
thus engender a corresponding degree of mental deficiency. 

These two essential factors, added to those that have pre¬ 
viously been established by the labors of others, seem to me to 
place the whole field of idiocy upon a more rational plane than 
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it baa occupied heretofore. To make tbk dear, the patbogenesis 
of each form of idiocj treated will be conaidered in its relation- 
diip with the ductless glands. We aball see that tbis couree will 
elucidate many mooted points and make it possible to identify 
clearly the stigmata of each gland involved in the morbid process 
as a causal agent, and therefore to point to the organic product 
or products indicated in each of the types of idiocj considered. 

THE TIIYKOID APPARATUS IN MENTAL DEFICIENCY. 

Cretinism, or infantile myxedema, was treated in full in the 
preceding chapter. This ty{)e of defective may be said to rep- 
rcamt titc cliaractcristic form of thyroid idiocy, since, in botta 
fide cases tliat have not progressed too far, tiie disease yields to 
tliyroid gland. Under the headings of llypothyroidia and 
Myxedematous Infantilism we also reviewed larval and aber¬ 
rant types of deficiency in which tlie thyroid apparatus plays 
the essential part. These disorders belong also to the class in 
which the thyroid gland is functionally deficient, the other 
ductless glands being also inadequate, but less so and only as a 
result of the prinmry thyroid deficiency, precisely as is the 
case in cretinism. There are types of idiocy, however, in which 
thyroid deitcioiicy is cither a concomitant or a result of deficient 
activity of other organs, and in which it is imimrtant to identify 
the stigmata which }K)int to participation of both the thyroid 
and parathyroids in the morbid process. These tliyroid stig¬ 
mata will now bo rehearsed in outline, however, to facilitate 
their recognition and the maimer in which those other ductless 
glands merge with those illustrated. 

Stiomata of Pefioibnt Tuyiioid Activity.—As we have 
seen in the prcceiling chapter, hyixithyroidia is the symptom- 
complex of tliyroid deficiency. It seldom appears before the 
first year, especially in breast-fed infants, because tliey receive, 
tlirough tlie maternal milk, enough thyroid secretion to compen¬ 
sate for any deficiency that their own gland may have acquired 
in utero or in tlie course of delivery. The earlier signs of hypo- 
thyroidia in infants arc, in most instances, an unusual thickness 
of the neck, which may then lose its regular outline by swellings 
or pads due to locnlired myxedematous infiltrations. These 
pads may also be met in older children and adults. They fre- 
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qaentJy extend to the supradaviciiiflr and Mimctmwn the 
axillae. Obesity is suggestive when the skin is “fwistv” or wax- 
like And dense,— a characteristic of uivxodeinatous iniiltration. 
The lips may be thickened and the lids and i'irt'uinorhital tis¬ 
sues likewise, the eyes sonietiinos a|i|H'nring nniisiially small. 
There is more'or less delay, aminling lo the severity of llie «-a''e. 
in learning to speak and walk. The skin if tliiekened may l>e- 
comc dry and scaly and tlic hair dry. eiuirse. and brittle, Imt 
only in eases in which the hypertliyn)i«lia is marke«l. 'I'lie 
nose may also remain stpiatty in suci; eases, and the eliild 
appear aged, i.e., yellowish and wrinkled. 'J'iie bearing and eye¬ 
sight may be defective and the vttiii' Inisky. 'Phe tiH'tli arc. ns 
a rule, irregular and tend to <lecay early. Tl»e nails are short, 
thin, streaked, and brittle, and the bands broad and spade-like. 
The temperature is often subnormal and the extri'inities isd«l. 
The legs are unusually short and inori* or loss ImiwihI, while 
the general musculature is weak,—a fact which accounts for the 
constipation. Menstruation is friHpiently scant; in some cases, 
however, it is prolonged beyond the normal limits. In such 
cases metrorrhagia, epistaxis, ami bleeding at the gums may also 
be witnessed. 

Can all these symptoms lie attributed to the thyroid only? 
While all of them may be observed in hyjMtthyroidia. si-veral 
bear the imprint of stigmata Indonging to other iluctless glands. 
Thus, as we shall see under their corresponding headings in the 
present chapter, the osseous d<'h)rinitieH bebnig to tlu; sphere of 
the thymus, while the muscular disorders, which include the 
intestinal, menstrual, and vascular atony, behmg t<» that of the 
adrenals. As previously stnteil, however, they are secondary to 
the thyroid insulfieienc}', the secretion of this organ lajing a fac¬ 
tor, as hormone, of the functional nflicieiicy of the other glands, 
particularly in so far as their offiK'ts in tissues at large are 
concerned. 

The stigmata of other ductless glands Ireing isolaterl, we 
have left as belonging strictly to the domain of the thyroid: 

1. The subnormal tempcratim*, cold extremitii’s due to 
defective oxidation and metalM>li.'‘m, the thyroid (■ollaljorating 
actively with the adrenals and thymus (lioforc pulicrty only as to 
the latter gland) in sustaining this pitHcss. 
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8. The myxedonatous or doughy, dry skin, forming at 
times in cervicAl or axillary pads; due to plasmatic infiltration 
and circulatory torpor; also in very marked case% the scaly 
skin and dry, brittle hair and naiU, due to deficient nutrition 
of these structures. 

3. The mental deficiency where true thyroid stigmata are 
discernible, complete development of the brain requiring perfect 
co-ordination of the thyroid, adrenal and thymic functions. 

The importance of a clear identification of these specific 
signs will appear when the treatment of the various forma of 
idiocy other than cretinism, already reviewed, will be considered. 

We sliall now proceed to consider types of idiocy in which 
other ductless glands play the leading rdle. Prominent among 
these is the thymus. As tliis organ has not been considered so 
far, its physiological functions will first receive attention. 

THE PUNCTIOire OF THE THYMUa 

While the thymus is a temporary organ in so far as its 
maximum activity is concerned, modern observations have 
demonstrated that its functions sometimes persist, though to 
a greatly diminished degree, to old age. It was at one time be¬ 
lieved that its weight increased to the end of the second year, re¬ 
maining thus until puberty. Haminar, of Upsala, sliowed, how¬ 
ever, that if care were taken to study the organ in absolutely 
healthy subjects such as victims of accidents, suicides, etc., it 
would be found to increase in size from birth to puberty. At this 
time it averages in weight 25 grams. This represents a consider¬ 
able increase, the average weight of the organ at birth being ap¬ 
proximately one-fourth of this—5 grams (Testut), 6.7 grams 
(Thursfield), 13 grams (Friedleben). Bovaird and Nicoll,* in 
an examination of 496 consecutive rases, found, moreover, that 
while no decrease in weight occurred during the first five years, 
the organ could persist or continue to grow in the infantile 
state, the increase in size being thus a pathological condition. 
It is only, according to Ilammar, when the thymus reaches 26 
grams at puberty that it begins to diminish in size—^rapidly 
from 15 to 25 years (6 grams), then slowly to 50 or 65 
yean, when it may weigh but 0.73 gram. In the aged it 
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is represent by a small mass of adipose tissue in tiie anterior 
mediMtinum—Waldeyer’a retrosternal adipose body. It usually 
oontaina fibroua tissue and small patches or remnants of the 
thymic parenchyma, thus suggesting the jwssibility of continued 
function late in life. The discrepancies in the weights given 
by the various observers may be act'ountetl for, to a wrUin 
extent, by the fact that what has been termed ^‘accidental” 
involution of the organ may be proilucwl rapidly at any time 
through starvation, illness, espetdally wasting diseases, exhaiis* 
tion, etc. Such wide fluctuations, in fact, are not witnesseil in 
any other organ, and have an important clinical hearing. 

There is thus ground for the belief, sustained by consider¬ 
able clinical evidence, that the functions of the thymus may 
not cease completely at puberty, and in fact jwrsist, thougli per¬ 
haps to a very limited extent, to advanced age. 

As to the function of the thymus gland, a general survey 
of tlie literature of the subject, experimental and clinical, evokes 
as leading clue some important relation with metalHiIism as 
regards the rdle of phosphorus in the process. 

A suggestive feature in this coniuH'tion is the influence of 
defleient thymic activity on the osseous system. Disonlers of 
the thymus in which its functions are deficient or inhibited, 
growth, particularly that of the bones, is sttinted, 'riien* are 
discrepancies in the reports of experimenters concerning the 
effects of removal of the organ; but if this is done completely 
and care be taken to avoid certain animals, rats for instanci'. 
in which supplementary ductless glands are frtH|uenlly found, 
and the thymectomy is performed as soon as possible after 
birth, the results are sufficiently uniform to warrant their 
acceptance as sound factors in our inquiry. This has lieen 
emphasized by the recent labors of Basch (lOnO), Klose and 
Vogt (1910), Morel (1911), Matti (1912), and Ump^ (19i:i). 
In dogs, bone deformities appear about the fourth month; the 
front pews curve inward and appear too short, while the hack 
paws, also curved inward, appear too long. The cranium is 
large, flat, and short. Toward the fifth month the animal be¬ 
comes somnolent, depressed, loses w*eight, and becomes cachectic, 
the morbid process progressing until, between twelve and 
eighteen mon^s later, coma and death supervene. 



282 THYROID, THYMUS, AND ADRBNAU. IK MHNTAL DISBASSS, 

The syndrome, in so far as Uie effects on the.osseoos 
system are concerned, recalls plainly that of rickets. The bones 
become soft and pliable, sufficiently so in some instances to cause 
them to yield, provoking various deformities, while the liga¬ 
ments are elongated. The bones may be cut readily with scis¬ 
sors, in fact, until the cachectic period supervenes; flexibility 
then gives way to fragility and friability, the bones becoming 
very brittle. The bony tissue, yro know, is deficient in lime 
salts. Ostcomalnoin is also rharncterixed by softening of the 
boiicH in adults and ooeiirs most frc<|ucntly in nursing women. 

'I'hcsc pheiiuniena indirntc clearly that thyincctomy, rickets, 
OKteomalacia, and other osseous disorders are nil due to some 
impairment in the use of lime by the bones. Indeed, while 
we know tlmt in the diseases mentioned there is a reduction 
of calcium in the osseous system at large, Bracci (1905) found 
that thymectomy caused a similar condition in tlie latter and 
in all tissues. Vet we arc brought to realize that the morbid 
process must bii due to deficient ntte of calcium by the structures, 
for Bosch found that thymcctomizcd animals excreted calcium 
in considcrahlo e.vccss. That this is all due to the absence of 
thymic influence was well shown l>y Sommer and Floecken in 
1908, who found that the suci*e8sful implantation of thymus in 
thymcctomizcd animals caused resumption of skeletal growth. 

[naidc(piatc assimilation of calcium l)y the bones l>cing self- 
evident, we arc nonnally brought, knowing the cardinal role 
of calcium phosphate in the comiwsition of bone, to look u|)on 
defective fonnation of this salt as the key to themorhid process. 
What is the nature of the relationship Iwtwecn the element 
linked to calcium, ue., phosphorus, and tlipncctomy? It is in 
this coiinc(‘tion that light begins to ap|)ear. 

A striking feature of tlivTiiic chemistry is the wealth of 
the parenchyma in nnclcinates, its lymphoid cells, according to 
Chittenden,* containing a nuclcoproteid rich in phosphoriig, t.e., 
3.5 per cent. Ilinskamp* also found that nuclcohiston, which 
contains 3.7 per cent, of phosphorus, was the most idmndant 
protcid in the thymus. 

This wealth in phospliorus recalls another clinical phe- 
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nomenon connected with the functions of the tliymus, vis., the 
all-important influence which this organ seems to possess in 
tlie production of idiocy. At BicOtre Hospital, according to 
Morel/ 75 per cent, of 408 non-my.xedematoii8 idiotic children, 
ranging from 1 to 5 years old, examined post mortem from 1890 
to 1903, showed absence of the thymus. At tlie recpiest of 
Bourneville, Katz” performed autoiwies in G1 mentally normal 
children, in age from 1 month to 13 years, who had died of vari¬ 
ous diseases. In all of these the thymus was present conversely 
in 28 mentally weak children examined post mortem by Bournc- 
ville, the thymus was absent. 

These observations correspond with the results of complete 
thymectomy. Basch, Klose and Vogt, Morel and others observed 
mental disorders in puppies the fifth or sixth month after re¬ 
moval of the organ. The animals appeareil idiotic and crushed, 
slow in hearing the voice or in understanding threatening ges¬ 
tures, or in recognizing their sleeping place or even their footl. 
They showed great voracity, ate anytlnng—cork, wwhI, cotton, 
etc.—and even gnawed their own tissues, their paws, jjcnis, clc. 
.Ml discerning ])Owcr denoting inhdiigence seemed in abeyance. 
I'oneomitantly, both in idiotic chihlrcn and lower animals, 
owing to absence of thymus, bony defonnities such as those pre¬ 
viously mentioned were frc<iuently ol)served. That phosphorus in 
a fundamental constituent of brain-cells, as well as of osseous 
tissue, need hardly be emphasized. 

We arc thus dealing with an organ which, while itself 
capable of supplying nucleins rich in phosphorus, is clearly con¬ 
nected pathogenically when its functions are inhibited with dis¬ 
orders duo to lack of phosphorus, such as rickets, retarded 
growth, idiocy, etc. The conclusion that the nucleins represent 
the connecting link between the gland and the tissues is self- 
evident. 

Infantile marasmus has also been attributed to impaired 
activity of the thymus. In 18 cases of this disorder reported by 
Ruhrah* this organ was the only one which showed lesions. 
R. L. Thompson^ also found marked thymic atrophy in 20 cases 

* Morel: Paris mMfcal. Jaa. 17, 1114. 
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of maraamoB in infants under 1 year old. Atropliy of the 
thymus is regarded by Ihidgeon* as the most characteristic 
feature of tlie disease, a view concurred in by Bohrer, Bovaird, 
Nicoll, Warthin, Bachford, and others. Friedleben urged, as 
far back as 1858, in fact that "the size and condition of the 
thymus is an index to the state of nutrition of the body.” 
From my viewpoint, however, this is a result of the marasmic 
state ratiier than a cauee; since we know that starvation causes 
atrophy or contraction rather than enlargement of the ^and. 
The rapidity with which some casra of marasmus recover when 
given proper diet, the breast, etc., also shows that the functions 
of the organ cannot have occurred by organic d^ncration. 

As to the manner in which the thymic nucleins are fur- 
nislied to the tissues, the older view that the thymus supplies the 
body a true internal secretion is no longer believed, all the 
me^ods used in the study of other glands such as the thyroid, 
the adrenals, etc., having failed to sustain it. The slight effect 
on the blood-pressure noted docs not militate against this view; 
nor do even the beneiicial effects obtained in various disorders 
due to deficiency or absence of thymic activity, from the ex¬ 
pressed juice, extracts, or other preparations of the organ, since 
they all contain the characteristic nucleins. The bulk of evidence 
available points to another mode of transmission viz., through 
the agency of lymphocytes which develop in the thymus. What 
evidence have we to this effect? 

The thymus is composed, as is well known, of lobules varying 
in size from that of millet seed to that of a small pea. Each 
lobule in turn is subdivided into small follicles (varying from 1 
to 2 mm.) which constitute tlie functional structure of the gland. 
An important feature in the present connection is that each fol¬ 
licle is composed of two portions, the medullary and cortical. In 
the former, mainly composed of coarse reticulum, the cells, in¬ 
cluding the Hassall corpuscles, are relatively few. The impor¬ 
tant portion of the follicle in the present connection ia its 
e.xtemal or cortical portion. 

The bulk of evidence at the present time (1916) favors 
tlie view of Stiihr, Weidenreich* and others, that the cortical por- 

• Dudsm: Jovr. et Path. aaS Bact., val. a. p. IIS, IStl. 
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tion of the tb]riDic follicle is of epithelial origin and the source 
of lymphocytes, i.e., small leucocytes containing a round nucleus 
which fills them almost completely. The earliest evidence that 
these cells are formed in the organ appears in the course of tlie 
third fetal month, when there appear numerous readily stained 
nuclei in the small thymic cells. The histological studies of 
Flemming, Preiiant, and others have shown that these small 
tells multiply by karyokinesis in the most peripheral part of the 
cortical portion and ultimately become lymplmcytes. In certain 
lower forms—^Teleostei, for instance—the process of development 
of tfiesc cells may readily be traced, as shown by Maximow in 
1918 and Fulci in 1913.*® The thymus contains other cellular 
elements, but, as recently emphasised by Dustin,** these struc¬ 
tures, the myoid, epithelioid, and granular colls, and also the 
Hassall corpuscles, are non-typical, inconstant, and auxiliary as 
to function. The only cellular elements which are A)nstantly 
present in the thymus are the characteristic small ^'thymic 
cells” which become the lymphocytes. 

Modem researches are believed, by most w-riters, to show 
that the older view of Kolliker based on histological studies, and 
more recently revamped by Beard, to the effect that the thymus 
was toe original source of lymphocytes and leucocytes which, 
according to these invMtigators, arose from the tliymic epithelial 
cells, was erroneous. In the light of my own views the only 
fiaw ill the teaching of Kolliker and Beard is that they attributed 
to the thymus the power of generating all leucocytes. 

The evidence submitted and much that could be addeil 
warrant only the conclusion tliat tiie thymus contributes lympho¬ 
cytes to toe general asset. This is shown by the fact that, in 
conditions in which lymphocytosis of thymic origin is met by 
thymectomy, all lymphocytes do not disappear from the blood, 
the proportion of these cells falling to normal. Or the per¬ 
centage may decline to a certain figure; in a case reported by 
Schumacher and Both,** for example, the lymphocytosis of a 
case of Graves’s disease went down gradually after the operation 
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from 46 to 34 per cent., but remained there. In another case, 
one of the tiiymic hypertrophy mentioned by Klose, Lamp4 and 
Lieflcfouig,** the decline was from C8 to 73 per cent, after re¬ 
moval of the organ. The two latter investigatora found, more¬ 
over, that diminution of the number of lymphocytes occurred 
after thymectomy in normal animals, thus allowing clearly that 
the thymus contributed its typical cells to the circulation. 

My belief that the ihymic hjmphofyt&s are specific as to 
function is based on many facts. Modern investigations are 
showing increasingly that tlie former belief that the human thy¬ 
mus was a lymphoid organ, i.e., one similar in structure to.the 
lymph-glands, was unwarranted, and that it is an epithelial 
organ. We arc thus brought to lealizc that the thymic lympho¬ 
cytes, which might thus be tcmied “thymotiytes,” arc produced, 
in a special manner, i.e., as previously stated, by epithelial cells. 
Chemically, as shown by Hcrlitxka and Borrino,’* the thymic 
nucluohistons dilFcr from similar bodies of other organs; they 
]HisseH8 no glycolytic |)owcr and are unable to destroy glycogen. 
Bang,*’' morcMivcr, found that the small thymic cells which 
develop into the so-called lymphocytes have a different reaction 
from those derived from other structures, the spleen, bone-mar¬ 
row, and bones. **That the thymus-cells are not identical with 
those of the lymph-glands,” writes Bietll,*® “is proved by the fact 
that the amount of the nuclcinntcs, the substances whu’h arc 
characteristic of the nuclear structure of the true glands, is at 
least five times as large in the thymus- as in the lymph- glands.” 

Apart from that of producing lymph-corpuscles which in 
the blood bwonic lymphocytes—those which the tli.vinocytcs sup- 
))lement during development—the functions of the thymus, as 
illusiratiHl h.v c.vpcrimental thymectomy, bear no resemblance to 
those attributed to lympli-glaiids. The inttueiicc of the thymus, 
us illustrated by this u()crntion in animuls, on the development 
of tlie osseous system, the mind, etc., previously dcscribiil, has 
no counter|Nirt in the functions of the lymph-glands. The latter, 
acting as filters of the lymph which passes through tlicm, to 
rid it of bacteria, cell detritus, tumor-cells, etc., serve to destroy 
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these harmful substances—^tliough often tiostroyed themselves 
in the course of their protective role, as in syphilitic bubo, 
bubonic plague, tuberculous adenitis, etc. All these processes 
liave nothing in common with those witnessed in tlic thymus. 
The clinic confirms physiological teachings that 1h)iic deformi¬ 
ties, rickets, idiocy, and other disorders due to iiiymic inade¬ 
quacy are in no way connected pathogenically with, or resem¬ 
bling, disorders of tlie lymphatic glands. 

Suggesting also that the thnnic lymphocytes carry on an 
autonomous or specific function is the adaptation of il» tmin 
activity to a temporary jicriod, Le., that during which the liody 
is developed, when it requires an exiciis of nucleins. Hence the 
extraordinary wealth of the thymus in niu-leinates. .\s is well 
known, the phosphorus-laden nuclear luatcrials are essential .in 
the composition of the nucleus of every cell, the dynamic 
initiator as it were—^with the oxygen carried also by a hlmwl- 
cell to all tissues—of all processes considered particularly vital. 
Indeed, we arc dealing here with a fundamental j)nM*ess eon- 
ceiiiing not only vital phenomena, but also, in my opinion, 
heredity. As emphasizod by Kossel" it is the nuclein, the 
chromogenic jiortion of the nucleus, which initiates cell division 
and, according to jiresimt knowledge, hereilitary characteristics. 

Additional evidence of the constructive power of the thymic 
cells in their influence on bone growth is afforded by the fact 
that while thymectomy soon after birth is followed liy defective 
growth and deformities, thymus, administered early, restores 
normal development. Indeed Oudernatsch*'* found that this sub¬ 
stance fed to tadpoles prolonged their early growth inarkeilly; 
the animals becoming unduly large, though metamorphosis, evo¬ 
lution of limbs, etc., was delayed. 11. Webb Wilcox’* obtained a 
gain in height of 914 inches in an undersixed l>oy, also by the use 
•of thymus-gland. The delay in the development of the brain, 
illustrated by the idiocy of thymectomized animals and of chil¬ 
dren with small or no thymus-gland, indicates its constructive in¬ 
fluence in this organ. The genital organs are influenced in the 
same way. Tliymcctomy causes loss of sexual instinct and 
sterility and defective development of organs of reproduction; 


** KombI; Manehemr ned. Wochensekrlft, B. .Mil. ft. Mil. 
’■Ondenstacb: Zentnlbl. tOr Pbysiel^e. xxtI, p. Jtl. 19U. 
*WUcox: BotUm MsdiesI and Bura. Jotim., Aug. 13. IMA 



288 THYROID, THTMI78, ASb ADRBNALS IN MBNTAL D1SBA8BB. 


but tilo uHe of tliyiiius couiitoracta this effect. Kcriey* and 
Beebe,’* in a case of retarded development, obtained enla^ 
ment of the sexual origans, vith growtff' of bair on the pubis and 
axillsB. In rabbits and guinea-pigs, as shown by Soederlund and 
Backmann*’ the thymus attains its greatest weight, while 
spermatogenesis is being prepared, and it is only when the sex¬ 
ual organs are developed that atrophy of the gland, begins. 
The bearing of this asserts itself when we recall that, as illus¬ 
trated by Kossel’s labors, one of the chief sources of material 
for the study of nucleins has been the heads of spermatozoa of 
various animals. Spermatogenesis continuing, under normal 
conditions, throughout life, we are brought to realize that, as is 
the case with tlie bones, the brain and nervous system, the 
genital system and, in fact, the bo<ly at large, the th}'mic 
lymphocytes are specific in the sense that they are abnormally 
rich in nucleus-buVding materials. Their role is to add to the 
body during its evolution to puberty, or later if need be, the 
excess of nucleins required for this purpose. 

Summarized these facts tend to substantiate the following 
definition of tlie function of the thymus, similar in its generiU 
lines to one first submitted by myself in 1903, in the first edition 
*of the present work (page 182), before most of tlie confirmatory 
data adduced herein had been reconled:— 

The function of the thymus is to supply, through the agency 
of its lymphocytes, the excess of phosphorus in organic com¬ 
bination which the body, particularly the osseous, nervous, and 
genital systems, requires during its development and growth, 
i.e., during infancy, childhood, and adolescence or later if 
need be. 

We must not lose sight of tlie fact that besides being 'sup¬ 
ported by the bulk of available evidence from various branches 
of biological science, this interpretation of the function of the 
thymus accounts for the many different roles that have been 
ascribed to this organ, and which have led Howell” to state that 
^'practically nothing is known concerning these functions.** 

Stiuvata of Dbficient Activity of tub Thymcs.— The 
foregoing data indicate plainly, from Imtli the experimental and 
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clinical aspects of the question, the s{M!ciilc symptoms or stig¬ 
mata whi<^ indicate hypothymia. They are as follows:— 

Deficient development of the osseous system and defor¬ 
mities BuggMting rickets or osteomalacia, due to deficient 
assimilation of calcium owing to the deficiency of thymic 
nucleins which take part in the building up of calcium phosphate. 
Deficient stature. 

2. Deficient mental development entailing various grades 
of idiocy due to the insufficient production of thymic nucleins 
to supply the neurons of the central nervous system, during its 
development. 

3. A low relative lymphocyte count owing to the inade¬ 
quate formation of thymocytes. 

In cretinism, as we have seen, most of the stigmata could 
be traced to the thyroid. This applies as well, I have found, to 
the stigmata of deficiency of the thymus, another form of idiocy 
that is now to be considered. 

MONGOLIAN IDIOCTf. 

Mongolian idiocy, as its name denotes, is characterized by a 
striking resemblance of the little patient, even at birth, to a 
Mongolian, particularly the Chinese. The slanting eyes ancT 
the epicanth^ folds are particularly noticeable. The distinguish¬ 
ing features of these cases coincide suggestively with physio¬ 
logical, pathological, and clinical phenomena traced to the 
thymus under the foregoing hiding. The stigmata of deficient 
bone growth, so distinct in thymectomized animals, arc very 
marked. Defective bone development is shown by the low 
average stature, the adult patient seldom exceeding 4 feet in 
height, due mainly to the fact tiut the long bones, particularly 
of tiie 1^8, are abnormally short 

Hence also the flat chest; the squatty nasal bridge; the 
small, undeveloped ears; the stubby, square hand, with its short, 
tapering fingers, the little finger being usually incurved. The 
skull likewise shows participation in the morbid process, the 
anteroposterior diameter btfing almost equal to the transverse, a 
fart whkh causes the head to appear round. It is, in fact, ab¬ 
normally small. Although the forehead usually bulges an¬ 
teriorly, the plane of the face and that of the occiput tend to 
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parallolifon. The circumferential measuremeuta are invariably 
below normal, sometimes as much as two and one-half inches, 
the average l>eing, in 26 cases studied by J. Muir,** one and one- 
third inches. This is an important practical feature, for the 
deficient skull development and the resulting reduction of brain 
capacity when the fontanelles are closed (which fortunately 
occurs late), tends to reduce the efficiency of therapeutic meas¬ 
ures calculated to improve the mental status of the child. 

Additional evidence as to defective bone nutrition is shown 
by the frequency of rickets, of which clear evidences ore com¬ 
monly disccriiililc at birth. 'J'his applies also to other con¬ 
genital defcf'ts such as club-foot, dislocation of the hips, etc. 
Palatal deformities arc present in approximately two-thirds of 
the coses. The ti>cth, surrounded by hypertrophied gums, are 
irregular and undergo caries early, particularly in tlie low 
grades of the disease; they appear later, the second dentition 
being also delayed. 

While these phenomena point clearly to the thymus as defi¬ 
cient, a similar condition of other ductless glands is suggested 
by stigmata which are deemed characteristic of deficient secre¬ 
tory activity of these organs. The tliyroid seems to be one of 
<thc8c. Thus, while the skin may lie dark and soft in some 
patients, in others it is dry and rough, as it is in cretins, even 
though allowance be made in these cases for the frequency of 
eczema—onothcr proof of deficient catabolism. As in cretinism 
also, the tongue is thick and heavy, and protrudes more or less, 
hut it is the scat of phenomena which some regard spccidc to 
Mongolian iditM'y, though this has not licen confirmed by my 
experience: transrerre Assures and roughness; owing to greatly 
hypertrophied {Hipilhv. The lips are usually thin, but they may 
also lie thick and everted, though the body may not show 
evidences of myxedema. The tonsils and the nasopharyngeal 
glandular tissues are often found enlarged.' Middle-ear disease 
is therefore common. 

Subnormal temperature, with morked sensitiveness to cold 
and sluggish circulation, is another symptom commonly noted 
in cretinism, which also prevails in Mongolian idiocy, but the 
adrenals might likewise underlie these phenomena, owing io 
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the marked mflnenoe on cardiovascular dynamism and on tis¬ 
sue oxidation. Indeed, the development of the entire muscula¬ 
ture is considerably delayed, muscular power likewise. The 
ligaments are so loosely strung, in fact^ as to permit the freest 
movements and contortions; the fingers, for example, may be 
bent backward upon tlie dorsum of the hand with the utmost 
ease. And yet all muscular movements are clumsy, being poorly 
co-ordinated, a feature which, in affecting the lingual muscula¬ 
ture, contributes considerably to the retardation of speech. The 
ocular muscles are likewise involved, as shown by the frequency 
of strabismus and nystagmus in these patients. This applies 
also to the abdominal muscles, hernia, especially tlie umbilical 
form, being common. The abdomen itself is usually large and 
distended owing to relaxation of its musculature. Most striking 
is the frequency of cardiac atony, owing doubtless to the defi¬ 
cient supply of adrenal secretion. 

We have seen that the nucleins supplied by the thymus and 
the secretions of the thyroid and adrenals took an active part 
in tissue metabolism and immunity. Since inadequate activity 
of these organs lowers the development and functional activity 
of the osseous, muscular and nervous systems, it should, there¬ 
fore, also lower, in the light of my views, the defensive cfl[iclen»*y ’ 
of the organism. That such is tiie case is sltown in various ways. 
The Mongolian idiot is peculiarly subject to bacterial infections 
of the tissues most exposed to them,—^the respiratory and intes¬ 
tinal tracts, the eyes, skin, etc. He is an easy prey, therefore, to 
tuberculosis, bronchopneumonia, pneumonia, influenza, and bac¬ 
terial diseases of the intestinal canal, succumbing promptly 
under their effects. The twenty-fifth year is reached in but 9.4 
per cent according to Wiggandt 

Deficient metabolism initiated during uterine life accounts 
also for the idiocy. Along with the rest of the body, tlie intelli¬ 
gence lags behind, owing to deficient development of the organ 
of mind. The Mongolian infant is unusually well l)chaved, so 
good in fact as to elicit comment and favorable comp irison with 
the average lusty baby. Small at birth, it develops about one- 
half as rapidly as the normal child, but its emotions are still 
slower in developing, in keeping with its powers of observation, 
whhdi in some coses are virtually ntZ during the first year. It 

u 
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will lie in bed placidly hours at a time, apparently quite con¬ 
tented. As some evidence of meptal activity appears, it fol¬ 
lows a common trend. The child is not morose or torpid, as is 
the case with cretins; it is amiable and even affectionate, and 
often shows a remarkable predilection for music, dancing, and 
mimicry, though sometimes mischievously so. The imitativeness 
is sometimes so marked as to suggest atavism to a Simian type, 
a perpetual grin and frontal creases in some cases lending addi¬ 
tional color to such a possibility. Important in this connec¬ 
tion, particularly with a view to prophylactic treatment, is that 
the Mongolian cast of features is often noticeable very soon after, 
if not at, birth. 

KTIOI.OOY AND Patiioobnksis. —The etiology of Mongolian 
idiocy is clear in only one direction, viz., that no special heredi¬ 
tary vice or disease is communicated to the child, though here 
and there syphilis, gout, violent emotion, and other disorders 
usually incriminated may be found in the near or remote parent¬ 
age. Analyzing this point closely, however, we are soon brought 
to realize tlnit such disorders arc not direct factors in the 
genesis of ^Kfongolian idiocy, though ancestral neuroses or 
parental emotions may add some intinence to that which seems 
seriously to impose itself—parental unbalance or procreative 
asthenia. Thus, the majority of these cases occur as offsprings 
of couples that have l>ecn prolific, the little Mongolian being 
the last brother or sister of many normal children. T^per,** fbr 
example, in a study of 17C IMongolian idiots found that one- 
half of them were the last-born of lai^^ familieis and that 
neuroses were common in tbeir ancestral histories. Again, they 
will occur as the priMluct of aged couples or where there is a 
marked disparity in ages. To use a homely comparison, the 
factory is worn out in toto or in part, and the product is below 
par. This is illustrated by the characteristic facies of the Mon¬ 
golian child, which is that of all other patients of the same 
special class. They look alike to such a degree, in all countries, 
that they might be taken for closely related members of a single 
family. 

Suggestive from the standpoint of etiology in its bearing 
upon the pathogenesis and treatment of Mongolism is tiie 
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fact tliat the Mongolian facies may not be due to mere hazard. 
A deeper search into its causes than has been accorded this phe¬ 
nomenon so far has led me to a pathological factor of a bio- 
cliemical order quite in keeping with observed facts. Indeed, if 
our knowledge of the dietetics of the Mongolian branch of the 
human family ia taken into account, many of the morbid phe¬ 
nomena BO common among tlie poor of that race socin plainly 
ascribable to what hygienists have termed an ‘‘unbalanced diet.'* 
As is well known, lack of fresh fruits and vegetables, with a 
preponderance of salt meats, causes scurvy, and iKwibcri re¬ 
sults from a monotonous diet, of which unpolished or unmilled 
rice is the main component. But we are aware also that rickets 
and marasmus are produced through lack of animal and an 
excess of starchy foods. Now, the Mongolian race, and partic¬ 
ularly that part of it composing the “coolie" element in Asia, 
shows indubitably the subtle influence of centuries of unbalanced 
diet. The polished rice which constitutes their main diet fails 
to furnish them, owing to the absenc-e of the jjericarp sacrificed 
in the milling process, an adequate proportion of elements 
necessary to the physiologically perfect organism. 

Prominent among these is phosphorus. The labors of 
Fraser and Stanton,*® Aron,** Pchaan,** and others have shown 
that tlie outer layer of the rice, the pericarp, removed during 
the process of milling, is precisely that which contains soluble 
organic compounds rich in phosphorus, ronvcrscly Brf*audat 
and Denier*® found that the administration of this pericarp 
in the form of rice bran proved prophylactic against tlic develop¬ 
ment of beriberi; it has also been used as a cure fop the disea-e 
by Heiser** and others. Briefly the deficiency of phosphorus in 
the form of phosphorus pentoxide in milled rice has been identi¬ 
fied as the passive cause of beriberi. In individuals who, through 
a long line of forbears, have become habituated to its use, with 
perhaps a little fish, as main diet, as is the case with the bulk of 
rice-M Asiatics, phenomena of another onlcr liccome manifest, 
vis., those of deficient development of tissues in which phos- 
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plioroB iH tlie preponderating agent, tlie osseout and ctrebro- 
apinal syslema and aUo primanly of ihe thymm gland, which, 
through iU nucldng, insures the devehpmsni of these systems. 

Analyzing the pathogenesia of Mongolian idiocy from thia 
atandpoint, the kinahip ^tween the characteriatic featurea of 
thia diaeaae and the attributea peculiar to rice-fed Mongoliana 
ia atriking. The email aize of the Japaneae, Siameae, Tonkineae, 
Annamitea, etc.; the alanting eyea, the narrow palpebral fiaaure 
and the epicanthua, eapecially marked in the Chinese, and the 
high cheek-bones are all peculiar to the Mongolian idiot. In the 
**yellow race,” so called, the akin is pasty, yellowish, doughy, but 
smooth; the hair ia straight; the nose is squatty, exposing the 
openings of the nostrils—all morphological characteristics of 
the Mongolian idiot. Another peculiarity of the latter ia his 
predilection to infection and the dedcient resistance shown to 
infectious diseases; we know how readily rice-fed Asiatic coolies 
acquire such diseases and succumb to them. 

That the mentality is not necessarily dwarfed in the rice- 
fed Asiatic, as it is in the class of patients in question, is doubt¬ 
less due to tlie adjustment of his nervous system to his deficient 
diet throughout the thousands of years he has employed it. 
But there ia greater disparity between the lower and the higher 
classes of Asiatics in this particular than there is among the 
white races, owing doubtless to the greater variety of foods the 
upper classes utilize in Asia, which causes them to avoid uncon¬ 
sciously the harmful influences of a deficient intake of phos¬ 
phorus. This probably accounts also for the fact that these 
upper classes seem, in most-instances, not to rc^rable their ill- 
fed compatriots, the slanting eyes, squatty nose, etc., being less 
frequent among them. 

Fatiioldoy. —In typical cases the brain and, in fac^ the 
entire nervous system show no organic lesion other than imper¬ 
fect cellular and general developmenf^ varying in degree with 
that of the mind. The osseous system is also the seat of nutri¬ 
tional lesions varying in degree with the severity of the case. 
Shnttlewortli** has aptly referred to these eharacteristic ex¬ 
amples of the disease as ‘^mfinished children.” The condition 
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Ilf the thymtis has not been studied at autopsy in a sufficient 
number of clearly defined typical cases to warrant definite 
runclusions, but percussion and radiograpliy suggest absence or 
atrophy in some and hypertrophy in otlier cases. The latter 
form probably represents an effort at compensation, wimt remains 
(if the thymus undergoing compensative hyperplasia—precisely 
as does the thyroid in hypothyroid goiter. This is furtiter sug¬ 
gested by the fact that puberty may bo precocious in these 
cases. 

TaKATHEKT.—Mongolian idiocy is generally considered 
ulwut the most rebellious form of idiocy, judging from t1)c litera¬ 
ture of the subject. Comby,** for example, who urges rightly 
that it is more frequent than is believed, writes that tlie results 
uf treatment have not been found encouraging. Some good, it 
is stated, may be effected by hygienic means, especially good 
and substantial' nourishment and country air, while in mild 
cases satisfactory results may lie obtained by appropriate educa¬ 
tion. Other authors have tried in turn: thymus, thyroid, the 
iodides, mercury, etc.,—^the whole gamut, in fact, of agents sug¬ 
gested by any possible etiological factor that tlic history of a 
given case might indicate,—^but without avail. 

Our efforts sliould tend, if better results are to be attained, 
in two directions: prophylactic and remedial. 

As to prophylaxis, we should be constantly on the watch 
for Mongolism when tlic causative conditions—aged pareiit«, 
marked discrepancy in the age of parents, prolific parents with 
tlie new infant as last offspring, strong mental emotion or 
affliction in the mother, syphilis and alcoholism—^are features of 
the parental history. A very quiet and *'good” baby, giving the 
parents so little trouble that &ey take pride in mentioning it, 
may be found on examination to show tiic facial characteristics 
of Mongolism. This diagnosis may tlien be further suggested 
by the presence of unnaually loose joints, as shown by an abnor¬ 
mally wide range of motion, unusual helplessness and muscular 
asthenia, indicate by inability to hold up its head. Treatment 
of the infant thn>u|^ the nursing mother is then indicated. As 
wQl be drawn in the second volume, organic products are trans¬ 
mitted to the child through the maternal milk. This may be 
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taken advantage of to modify the trend of tlie infant by gap* 
plying to its body thoee it needg for its development. Thymus 
gland 5 grains, thyroid gland 1 grain, and pituitary gland 1 
grain, to replace adrenal gland advantageously, three times a 
day during meals, with a varied diet, and, as much, as possible, 
out-of-door life may be given. Where maternal nursing or wet 
nursing cannot, for good reasons, be carried out, direct nursing, 
using goats’ milk in some such way as that carried out in Italy, 
l^Sypfc* South America, and other countries. If an intermediate 
electric milking apparatus is used, cows" milk, vJhich is well 
tolerated by infants when fresh from the udder, can be used, the 
milk being pumped into the nursing bottle in quantities re¬ 
quired, adjusted to the age of tlie infant. Organic preparations 
finely powdered, if dry, may be-consequently dissolved in milk 
thus given.** 

The older the patient when first seen, the smaller the 
chances of success. Yet in all some improvement is obtained, 
particularly as to growth and any cutaneous disorder that may 
Iw present. The doses mentioned for a nursing mother are 
suitable for a child of 5 years, but the dose of thymus 
may be increased gradually until, if need be, 15 grains (1 Om.) 
are given tlirce times daily. If the stigmata of either one of the 
three dnctless glands involved in the morbid process appear more 
prominently 'ttian those of tlie other two, the dose of the organic 
preparation representing that gland should be increased. 

llemoval of enlarged tonsils and adenoids ia always indi¬ 
cated. It enhances progress even as regards the mental condition 
in some iiistanres. Syrup of the hypophosphites to promote 
the nutrition of the cerebrospinal system and iron to assist in 
building up the hemoglobin are of signal advantage. A sub¬ 
stantial and varied diet ia likewise indicated. 

The mental status may bo materially improved, but at the 
cost of much patience and perseverance, though tlie Mongolian 
idiot is usually a good worker. The imitative instinct of the 
little patient ^ould be taken as starting point of a systematic 
education, selecting a special line of work, music for instance^ 
to which the child ia normally attracted, as main aim. He 
should not bo deprived of tlie company of normal children, the 
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excitement and fun involved and tlie out-of-door exercise doing 
much to enhance the functional activity of his ductless glands. 

THE ADRENALS IN IDIOCY. 

One of the most striking features of anencephaly, a mon¬ 
strosity (shown in the annexed illustration) characteriKed by 
absence of the brain and spinal cord, is the fact tliat tlie ad- 
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renal cortex is so poorly it at all devclopc<l that tho absence 
of this portion of the adrenals may be predicated with practical 
certainty. It may also be diminutive or absent in certain forms 
of idiocy. Thus, as Apert** states, “atrophy of the adrenal cortex 
is the rule in anencephaly. Since tliis was first observed by 
Morgagni it has been verified in hundnsls of cases of anen¬ 
cephaly, pseudoenccphaly, cyclopia, and even in a few instances 
of congenital liydrocei>haly and microcephaly.” When the cen- 
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tral nervous system is very poorly developed, the adrenals may 
be no larger than a lentil. Indeed these organs may be totally 
absent, as in an ancncephalic monster studied by the 
Hutiior. That the adrenal; cortex is mainly at fault in this con¬ 
dition is suggested by the fact that Elliott and Armour** wit¬ 
nessed a case in which tlie cortex was alone atrophic, the 
medulla of the adrenals and the paraganglia being normal. 
That this structure is of paramount importance in the develop¬ 
ment of the organ of mind' is obvious. What are the relations 
between the two? 

At the beginning of this chapter, I outlined tlie process of 
nutrition of the nerve-cell, including, of course, those of the cor¬ 
tex, as 1 interpret it. llcfcrring tlie reader to pages 618, 915, 
^ and 94b of tlie present work for the physiological process in¬ 
volved, I may mention here that, in referring to the secretion of 
the adrenals, no distinction is made between, the cortex and the 
medulla, it being inferred that, as far as prevailing knowledge 
will permit, the products of both structures unite in carrying 
on the functions of the organ. 

As regards the relationship between tlie adrenals and 
idiocy, the fact that the secretion of these organs is converted 
into adrenoxidasc in the lungs sustains, froht my viewpoint, 
oxidation in the nerve-cell by reacting with its myelin, which 
contains phosphorus-laden nucleoproteid (supplied with nucleins 
by the thymus, during development as we shall see presently), 
explains the morbid influence of absence or insufficiency of 
these organs on brain nutrition. While absence of the adrenals 
or any part of their mechanism inhibits this physiological process 
sufficiently to arrest the growth of the neurons, thus constituting 
ancncephaly, deficient activity of the adrenals correspondingly 
retrains their growth, thus leaving the brain in a state of par¬ 
tial development, wliich in turn entails a correspondingly marked 
degree of idiocy. 

As emphasised by Mierzejewski, the basis of all) anatomical 
lesions in the brains of idiots is an inhibition of the nervous 
tissues; its origin must be sought either in embryonic life or in 
pathological lesions produced in early infancy which are the 
starting point of future anomalies of development. There is 
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no true arrest of development in a morphological and histological 
respect affecting the brain as a whole, judging from the aver¬ 
age post-mortem evidence, but there is a true arrest of develop¬ 
ment of certain regions of the brain-tissue \vhi«‘lj may he recog¬ 
nized by the presence of nenroblasts. Some regions, in fact, 
seem to compensate for these defective areas, for idiots freipienlly 
show abnormal aptitudes in certain directions—^music, aritli- 
metic, extraordinary memory, etc.—^which «*nders siu-h “freaks” 
acquisitions for shouTnen. 

The examination of brains of idiots proves that an abund¬ 
ance-of gray matter and of nerve-cells may l)e accompanied by 
idiocy, but in such cases tlie system of connetdions betwi>en tbe 
convolutions is arrested in its development, and this want of 
paths of communication and the lack of harmony of develop¬ 
ment in the different nervous elements render the organ im|H>r- 
fcct. In the central nervous system everything depends not on 
the quantity but on the quality of the elements, and their com¬ 
binations with each other. The richness of the layer of neuro¬ 
blasts in the hemispheres of idiots, which indicaUts true arrest 
of development of certain parts of the (ercbral tissue. undoubU>dly 
produces insufficiency of function of the nervous system and of 
the manifestations of the intellect. In favorable (Huidilioiis of 
nutrition, however, neurohlastit,may herome train*formed into 
elements of a superior order, that is .to say. ncrve-cidls. In the 
layer of neuroblasts there arc sometimes found {adymorphic 
cells. Thus the neuroblasts, which for a certain lime preserve 
their embryonic forms, and which arc in a state of functional 
lethargy, may, under the influence of a propitious impulse, Ih>- 
come transformed into nerve-cells and help in reinforcing the 
activity of the cerebral functions. It is perhaps in this way 
that are to be explained tlie cases of profound and apparently 
hopeless idiocy in which there sometimes occurs a markeil 
improvement of the intellectual faculties. The idiot wfcms hi 
wake from a long sleep while, nevertheless, retaining per¬ 
manently the stamp of his mental infirmity, though in a less 
marked degree. It is this process of repair which organotherapy 
tends to promote. 

What are the stigmata which enable us to recognize that 
the adrenals are functionally defective in these cases? 
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Stiohata oj' Ukficibnt Activity ok tiik Aduknals ah 
A Wholb. —I'hoac having been dcsicribed in full under the cap¬ 
tion of Hypoadrenia in the second chapter, they will be only 
flummarized in the present connection. They are briefly: 
muscular weakness, sensitiveness to cold and cold extremities, 
low blood-pressure and weak cardiac action and pulse, anorexia, 
constipation, emaciation, anemia, pallor, and mental torpor, slow 
intellection or even idiocy if the adrenal deficiency has started 
M uiero. As these represent the stigmata of Imth the medulla 
and cortex, it becomes a question whether additional light might 
not be afforded by an analysis of the influence of deficient 
activity of the adrenal cortex alone. 

Htiqmata ok Deficient Activity op the Adhenal 
Cortex. —^Thc prevailing conception of the functions of this 
structure, as was shown in the first chapter, is that it produces 
some hormone *Vhicli influences, directly or indirectly, somatic 
and psychic development,” experimental and clinical evidence 
having shown that this influence was exercised mainly upon 
development of the sexual glands, the body growth and the 
changes that occur at puberty. These, however, as we shall see, 
are phenomena due to overactivity of the cortex. When we 
come to deficiency of this structure, but little may be added to 
the list of stigmata awakened by deficient activity of the whole 
gland. Thus its complete removal causes death even if the 
medullary ])ortiou of the adrenals is left, according to Biedl; 
but other physiologists failed to observe a fatal issue owing 
doubtless to the presence in the experimental animals of acces- 
Hory cortical structures well known to exist in the kidneys, 
ovaries, and other organs. Variot and Pironneau*” attribute to 
aplasia of the adrenal cortex a case of senile dwarfism in a girl 
of 16 years, Gilford’s progeria, in which, besides the defective 
body growth, there was almost universal absence of hair. The 
pr«>ence of osseous dystrophy, however, would point to insuffi¬ 
ciency of the thymus, to which I have ascrilied progeria.** 
Yet the universal alopecia, which included absence of eyebrows 
and lashes, suggests concomitant atrophy of the adrenal cortex 

■Vkrtot mi PtmoBMu: Cllnlqm lafUitile. vol. rUl. p. TBS, lIUi QwM feV 
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in the case of Variot and IMroniicaii, as well as iu one reported 
by Hastings Gilford,” in which generalized alopecia was also 
present, owing to the fact referred to below, tliat hirsuties is 
one of the leading stigmata of excessive activity of the adrenal 
cortex. 

All we can add to the preceding list of adrenal stigmata of 
insufficiency therefore is deficient hair growth, this lieing con¬ 
trolled by tlie fact that, as shown below, overactivity of the cor¬ 
tex, such as that produceil by tumors, or hypertrophy of this 
portion of the adrenals, gives rise to overgrowth of hair. 

StIUMATA op E.KCKR8IVB ACTIVITY OP TUB AoBENAI. 
Cortex. —^The clinical phenomena based upon tumors of the 
cortex can alone be taken as guide iu this connection. These 
depend materially, as to their nature moreover, u|N>n the age of 
the patient. Thus, a child of 5 years may, as a result of neo¬ 
plasm in this location, promptly attain the dimensions and 
physical characteristics of an adult. Bulloch and Seipteira’"' 
observed a case in a girl of 10 years, whose physical development 
was that of a woman of 40 years. She began to menstruate at 
the age of 10, tl>e breasts were fully developed, and the hair 
about the pubis and axillas likewise. There was besides, how¬ 
ever, pronounced facial hirsuties. She weighed 9!) pounds. 
The autopsy showed a large hypernephroma of tlic left adrenal. 
The authors found 11 similar cases in literature, almost all 
girls. Jump, Beates and Wayne Babcock** reported a case, in a 
girl of 7 years, in whom the abnormal development began, and a 
growth of hair was noticed first over the pubis, then in the arm- 
pits, then over the legs and trunk, and Bubse(]uently on the 
chin and upper lip. She grew rapidly and showetl a surprising 
mental and physical development. Her voice liccamc much 
deeper and she developed amazing muscular strength, the arms 
and legs being very muscular. The external genital organs were 
fully develo]^, the clitoris, however, lasing very large and 
penile in appearance. The uterus and adnexa were found to l»e 
infantile, however, in the course of the ojieration, a large hyper¬ 
nephroma involving the entire right kidney having developwl. 


**OIIti>ra: Praetit'.omr. Auivst. Itl4. ' 
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The child died three hours after the operative procedure. Of 
the 17 cases found by the authors in literature, besides their 
own, all had died before their sixteenth year. 

In the male sex the abdominal growth is manifested espe¬ 
cially in the direction of marked muscular development and 
obesity. Quthrie*** attributes the infant Hercules or Samsons 
of shows, mythology, and art to examples of this type of disease, 
just as acromegaly has served as type for Punichinello. 

)Vhen the cortical tumor occurs later in life, hirsuties is the 
main phenomenon: the formation of long hairs on the cheeks 
and chin, the chest, hack and limbs of yonng girls, with perhaps 
obesity. There is a tendency toward male characteristics, as in 
the case reported by Jump, Bcates and Balicock in a child, the 
voice becoming deeper, the menses ceasing, and the organs of 
generation showing progressive atrophy in some. This trans¬ 
formation thus leads to hermaphrodism. Apert** refers to 14 
cases, in 10 of which the male organs were sufficiently developed 
to cause them to live as men. The scrotum was empty, and at 
autopsy the deeper organs were found to possess the female 
attributes. In the remaining 4 the clitoris was penis-like and 
the female organs were atrophied. In all of the 10 marked 
.cases either the adrenal cortex was greatly enlar|i^ or large 
accessory adrenals were present Auvray and de PfefTel** have 
also reported a case of hermaphrodism with enormous hyper¬ 
trophy of the adrenals. According to Qlynn** hypernephromata 
are associated with sex abnormalities almost invariably in chil¬ 
dren and usually in adult females before the menopause. 

Summarising all these facts, the stigmata of adrenal 
dtfident activity are as follows:— 

1. Muscular weakness and emaciation. 

2. Weak heart action and pulse, low blood-pressure, and 
constipation due to deficient peristalsis, the result in turn of 
torpor of the intestinal muscular layer. 

3. Sensitiveness to cold and cold extremities due to in¬ 
adequate oxidation and recession of the blood-man into the 
splanchnic area. 
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4. Defective hair growth and pallor owing to inadequate 
circulation and. oxidation in the cutaneous tissues. 

5. Mental torpor, slow intellection, or even idiocy where 
adrenal deficiency is initiated in utero. 

The presence of these stigmata seem plainly suggestive in 
the disease treated below, witli which, as far as I know, deficiency 
of the adrenals has not so far been connected by other observers. 

AliAUROTIC FAMILY IDIOCY. 

This disease, first described by Warren Tay in 1881, lias 
been attributed, by most antliors, to some obscure congenital 
defect. It is uniformly fatal. 

Any time between the fifth and tenth month, a nonnal 
infant, bom at term, will more or loss suddenly cease to grow 
physically and mentally, the physical phenomena consisting 
mainly in increasing weakness and blindness. The little patient 
can no lon^r hold up its head, sit or grasp; and its myasthenia 
soon becomes so marked that virtual paralysis is suggested. 
Marked pallor supervenes, due doubtless to atony of the vascular 
muscles. These phenomena present some kinsliip with the pro* 
found myasthenia of Addison’s disease, a fact which suggests 
failure of the adrenals -and of its functional corollary, the 
chronialfin elements of the sympathetic system, as a feature 
of the morbid process. The infant also presents evidences of 
diminished vision: it fails increasingly to notice its mother 
or nurse, and also objects which, before, attracted its attention. 
Examination of the fundus, at this time, reveals a picture which 
has been considered pathognomonic. While atrophy of the 
optic nerve may be more or less marked, the region of the 
macula lutea is dark red, and surrounded by a whitish-gray or 
pearl halo, through which tlie retinal vessels may be readily 
seen. Strabismus, nystagmus, and irregularities of the pupils 
and dysplugia further indicate profound involvement of the 
muscular system. This is shown also by the profound myas¬ 
thenia previously mentioned, the child losing increasingly the 
use of all muscles. What mental development—^which may have 
been quite normal previously—the infant may have shown grad¬ 
ually recedes, tiie first signs being loss of interest the torpor in 
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reaponduig to things which before attracted its attention, and 
indifference concerning its food. 

Another suggestive feature in the pathogenesis of this dis¬ 
ease is one commonly met in tiie cerebral palsies of children, 
viz., periodical convulsions. If the prevailing; view that a 
toxemia underlies the disease is justified, anotlier link with the 
adrenals asserts itself. In 1891, for example, Abelous and 
Langlois were led experimentally to conclude that "the adrenals 
possess the function of neutralizing or destroying toxic sub¬ 
stances evolved during muscular labor.” Since tlien, the 
investigations of Charrin, Oppcnheim, of Paris, and others, 
including myself, have shown that this antitoxic function is 
exercised in many directions and tliat poisons of exogenous 
origin, toxins, inorganic toxics, and drugs, are all neutralized 
as well as those of muscular origin identified by Langlois as 
"fatigue poisons” referred to above. 

While a toxic of some sort has been incriminated by prao** 
tically all authors as the cause of amaurotic family idiocy, ibi 
nature has not, so far, been identified. Extreme adrenal insuffi¬ 
ciency, by permitting the accumulation of certain (probably 
myogenic) wastes in the blood, seems to afford an explanation. 
Not only does it corrcB])ond clinically in many particulars with 
the disease in question, but it e-vplains also why the infant is so 
prone to jicriodical convulsions. These, under such conditions, 
occur when the accumulation of poisons reaches a certain limit, 
the convulsive paroxysm being a protective reaction which 
brings into abnormal activity nil the antitoxic functions of the 
body, including those exendsed by the ductless glands, which, 
from my viewpoint, and with the digestive glands, as shown later 
in the present work, form the foundation of tiie immunizing 
mechanism in so far as its chemical attributes are concerned. 
Examination of the adrenals in the autopsies of these cases has 
imfortuuately been superficial. Even under these conditions 
lesions in these organs have been discerned. Thus, F. Petersen** 
describes his findings in a characteristic case in the following 
words: ‘The left suprarenal, pale-yellow color; firm, small cav¬ 
ity in center. Bight suprarenal, same.” 

The genesis of the disease, with deficiency of the ad- 
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reiiaU as chief factor of tlie ttrocctis, may, quite in keeping with 
tlie prevailing view, be traced to a toxemia which tlie adrenals 
and other ductless glands are unable to counteract. To refuse 
these organs immunizing properties, nowadays, is unwarranted. 
As stated recently by Albalmry** l)cfurc the Paris Society of 
Riolog}’, ^'As regards neutralizing secretions that the organism 
can opiMisc tlie action of a toxin in general, we know today thai 
this idle belongs mainly to the ductless glands." This fact 
established, a toxemia from any cause capable of exhausting 
these organs or causing hemorrhagic or other organic lesions in 
them (we have seen in the lirstr chapter that such occur fre¬ 
quently) may thus initiate tlic disease. 

Church,^* however, states that “none of the alleged toxic 
factors can be accepted as competent in all instances. As many 
as 4 cases have been observed in a single family." This is 
precisely where the prevailing interpretation of tlie disease is 
weak: a direct toxemia fails totally to cx])lain one of its cliarac* 
teristic features: that of being a familial disease. This feature 
is met, however, by the fact that precisely as is the case with 
other organs, functional debility of any or all ductless glands 
and their pre<li1cction to certain disorders or vulnerability to 
organic lesions may l)c transmitted to oifspring. .\n infection 
. capable through its toxins of causing inhibitory lesions in such 
vulnerable organs—^and this may apply as well to any of the* 
ductleffl glands or to all of them in the same suliject—may thus 
impair sufficiently the nutrition not oidy of the central nervous 
system, causing degenerative changes and chromatolysis, but 
also that of the muscular system at large, the cardiovascular 
system, etc. That other glands may be involved in the morbid 
process is suggested by tlie fact that McKee found lesions in 
^he thymus gland, while Gonlon noted enlargement of the 
thyroid—probably degenerative—in one case and atrophy of 
the same organ in another. One thing is certain, however: the 
clinical stigmata coincide with those of adrenal deficiency, and 
it'is probably in these organs that, macroscopically or micro- 
scopioslly, the main causative lesions are to be found. 

•Albuharr: C.-r. d« te SoelSU Se Blokwie T., vol. lulr. No. 4. p. in. Jod. 
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Od the whole, sTailable data Iteem to me to suggest that 
amaurotic family idiocy m.due primarily to a toxonw, induding 
each aa may ho caused by a disease toxin, which, by provoking 
organic lesions in the ductless glands {partioularly the most 
vulnerable of these, the adrenals) when these are congenUedly 
debilitated or vulnerable, so weakens their functions as to 
inhibit increasingly their power to sustain metabolism and nutri¬ 
tion of the centred nervous system, the muscular and cardiovas¬ 
cular systems. 

Tbbathknt. —As DOW mterpieted, amaurotic family idiocy 
is hopeless. That early recognition of the disease might check 
the lethal trend, if the pathogenesis just described proves true, is 
possible, unless actual destruction of the various ductless glands 
involved be complete. That such cannot be the case in most 
instances is self-evident when we recall that a small portion of 
parenchyma—one-eleventh in the case of the adrenals—will 
carry on vital functions, and that, moreover, this segment or 
fraction of organ will become hypertrophied under functional 
stress. Again, we must bear in mind the presence of the acces- 
soiy organs some of which may have escaped organic lesions to 
a degree suf^ient to enable th^ to recover their functions, at 
least in part. 

Not only in so far as the disease in question is concerned, 
but to prevent the development of any of tlie forms of idiocy 
described, any infant who is subjected to any of the infections, 
particularly diphtheria, meningitis, tonsillitis with rheumatic 
complications, measles, and starlet fever, should be closely 
watched long after convalescence. Unfortunately a condition 
capable of suggesting the possible development of tlie disease is 
usually absent, the process having even progressed in utero to 
such a degree in some instances that tlie infant is born blind. 

As to the measures indicated in the li^t of the patho- 
genesM submitted above, they are as much u possible to supply 
the organic preparation whi^ the stigmata present suggest. If 
the little patient bo still a suckling, the remedy may be adminis¬ 
tered to the mother, adrenal gland being given in 2-grain doses 
three times daily and gradually increased to 5 grains. To arrest 
the degenerative process in the infant, intramuscular injections 
of infundibular extract, which acts much as doep the adrenal 
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principle^ nay be tried. Pituitriu or “vaporole/* an imported 
preparation, may be employed, diluted in saline solution, and 
injected into the gluteal muscles after the surface has been care¬ 
fully asepticized. The dose sliould be small and adjusted to the 
age of the infant, any increase being carried out tentatively. 
Small doses of thymus and thyroid are also indicated to restore 
the metabolic equipoise in the ncrve^^lls or facilitate tlieir 
regeneration. 

The diet is an important feature in these cases. It is, in 
fact, possible that in some instances the maternal milk is found 
delieient in those agents which, ds we shall sec, arc of primary 
iinportaifce in tlie development, physical and mental, of the 
child. When the possibility of this e.\ist8 tlie diet of tlic infant 
should bo reinforckl with fresh-drawn cows’ or goats’ milk. 

DYSTROPHIA ADIPOSO-GENITALIS. 

(FrOhlich’H Disease, Adipositas Cerebralis.) 

Although the mental symptoms observed in some wises of 
disease of the pituitary are usually psychasthenic states of a 
melancholic type, attended, at times, with delusions of jiersccu- 
tiou, attacks of depression and exaltation, convulsions, etc., cases 
are occasionally witnessed in which the mental «*ondition is such 
as to suggest high grade of imlHMulity in which mental a|mthy, 
dullnws, and delusions aro merged in with the more active 
symptoms, as observed in a personal case. In another instance, 
also a case of dystrophia adiijoso-geiiitalis, the patient was irre¬ 
sponsible, childish, and showed a tendency to pilfering, lie was 
unable to acquire knowledge bcj’oud that taught in an elementary 
school, tliough showing a marked predilection for music. 

Dystrophia adiiKwo-genitalis, which is a manifestation of 
deficient activity of the pituitary occurring as the result of an 
injury, local organic processes such as tumors, etc., is character¬ 
ized by a marked tendency to oliesity, esjiei-ially alwut the face 
(the ‘^0011 face” type), the breast, abdomen, and tliighs, with 
sometimes fat pads over the clavicles and under the arms. There 
is also arrest of development of the genital organs; these remain 
infantile or atrophy, women ceasing to menstruate when hypo¬ 
pituitarism develops after puberty. The male body assumes a 
feminine ^rpe, especially about the hips. The skin is smooth, 

M 



808 TUTBOIO, TUTMUB, AMO AORBNAU IN MBNTAli D»BA8feS. 

tliougb very dry, but Bometimes rough. There is abaence or 
Bcantiness of hair about the pubes and axillae and trophic dis¬ 
turbances of the nails, the hand being pudgy and the fingers 
tapering. Symptoms of tumor of the pituitary are usually ob¬ 
served, headache, hemianopsia, blindness, etc., but in the two 
cases referred to above pressure signs were altogether absent 
The temperature is generally subnormal, 96° to 98° F., and the 
pulse weak. The blood-pressure is also low in some cases. The 
development of the bones and ossification of the epiphyses may 
be retarded and tlic stature deficient if the case is traceable to 
the first ycats of life. If tlie hypothyroidia be the result of a 
temporary tumor or of a period of hypertrophy of the gland 
from, any cause capable of increasing for a time its functional 
activity, the patient may be of normal stature for his age or 
even exceed it. Under tiicrc conditions the acrome^lic facies is 
sometimes clearly disa'rnible. I have seen 2 cases in which it 
had existed many years, tlie disorder in the pituitary having 
doubtless ceased pemianently. 

In view of the functions I attribute to the pituitary body 
these symptoms of hypothyroidia are not due to deficiency of a 
secretion of the organ, but to inadequate activity of the thyroid, 
adrenals, and thymus, and the resulting vascular dilatation and 
circulatory torpor in these organs the functions of which tlie 
]M>sterior or neural lobe of the pituitary co-onlinates as sympa¬ 
thetic center. Hypopituitarism thus bwomes tlie expression of 
pluriglandular deficiency, but mild in tjqie, as a rule, death in 
such cases lieing duo to the lesions causcil by the growth in the 
neighboring cerebral structures. The glandular stigmata in a 
case of imbecility due to hypopituitarism are as follows:— 

1. Subnormal temperature; low blood-pressure; pigmenta¬ 
tion (symptoms of deficient activity of the adrenal medulla). 
Muscular weakness and scanty hair growth; also in a pre¬ 
adolescent case, undeveloped or infantile genital organs (symp¬ 
toms of deficient activity of the adrenal cortex). 

2. Adiposis; smootlmess. but in some cases roughness and 
dryness hf skin (symptoms of deficient activity of the thyroid). 

3. Undersized growth owing to deficient skeletal develop¬ 
ment and imperfect ossification of the epiphyses (symptoms in 
a preadolescent case of deficient activity of the thymus). 
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Tbbatmjsnt.-— The medical treatment of these cases can 
only serve to compensate for the defective activity of the vari- 
ous dnctlm glands which, from my viewpoint, control the cir¬ 
culation in tliese organs. In the vast majority of cases tlie 
functional activity of the pituitary is compromitietl by a tumor 
which, unless removed, compresses and destroys the surrounding 
tissues and, as previously stated, ultimately caiises deatli. When, 
therefore, symptoms of pressure appear, such as intense “burst¬ 
ing” headache, visual disorders (due to compression of the optic 
thalamus), etc., surgical measures aro necessary to insure 
decorajrressiou. 

At times, however, we witness instances such as the two 
patients referred to above, in which the pituitary lesion was 
temporary, though suilicient, when active, to have left penna- 
nent nutritional abnormalities such as tliosc recite<l. In such 
patients the combined use of the desiccated jmwdem of thyroid 
1 grain, pituitary body 3 grains, and thymus gland a grains, 
three times daily for an adolescent, prov(» very helpful. 
Pituitary gland alone in large doses—from 3 to 10 grains three 
times a day—is sometimes suilicient As I have rcpcateilly 
urged, the action of this t^nt does not prove that it n'presents 
that of a secretion, but that the jwwden^ gland contains phos¬ 
phorus in organic combination owing to the wealth of iicrve-tvlls 
in the neural lobe—^u'hich represents in assimilable form the 
nucleins produced by the thymus—and also adrenal substance, as 
shown by the chromaffin test Watanabe and Crawford*^ also 
found recently that "pituitary extrac'ts prepared by <'ertain 
metliotls give color reactions similar to tliosc given by 
suprarenal extracts.” The activity of pituitary is eiihanceii, 
however, when thyroid gland in small doses is administered 
simultaneouslv. 

w 

THE BACKWARD CHILD. 

The great numlier of these more or leas mentally wedc 
children is fortunately beginning to attract serious attention. 
Particularly is thiis the case since the investigations of the Rus- 
sdl Sage F^oundaiion in thirty-one American cities have aliown 
that over 20 per cent, of the children in their schools lielongeil 

«Wataasb* aaS CnvfwS: Jesr. of Phormaml. anS Bzper. tlunp., Jaa., 
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to the "retarded" dae^ tliia proportion leaving out of all oon> 
aideration the 17 per cent of eabjecta in whom the retardation 
was due to late entrance. In other word^ approximately one* 
fifth of all the children in the public schools of the Ifnited 
States are more or less feeble'minded. 

Diaonosis and PArHOOSNsam.—A s Barr has wdl said, 
"The backward child is not a mental defective but a mental in* 
valid, BO to speak, possessed of all his powers, and has the same 
chance of attaining mental vigor that any sickly child has of 
being brought to normal health through proper treatment" 
Thanks to the Binet and Simon method, backward children are 
now being duly identified, and saved the brutalities which for¬ 
merly were meted out to them when their defective work and 
slow progress at school were attributed to laziuess, arbitrariness, 
and stupidity. 

The medical diagnosis of these cases requires a careful 
scrutiny of tlie many factors which may prevent development 
of the mind. The stigmata of the various ductless glands 
described under the preceding headings must be carefully 
sought. Yet, to attribute all cases of retarded mentality to 
deficient activity of these organs would be to err as gravely as 
to ignore them altogether. The nasopharyngeal cavity should be 
carefully examined for adenoids and hyi)ertrophied tonsils. Not 
only do they interfere with respiration, both as to intake of 
oxygen and output of carbon dioxide, but they also compromise 
the hearing and thus interfere with one of the most important 
avenues through which the brain receives impressions. Diseased 
tonsils arc detrimental also in that they are frequently the seat 
of bacterial rolunies which, through the toxemia engendered, 
provoke a protective reaction which, owing to tlie excess of anti¬ 
bodies produced, exhausts the child (sometimes keeping up a 
persistent hemolysis with marked anemia, and even chlorosis) 
and interferes with its physical and, tiierefore, mental develop¬ 
ment Excessive myopia, errors of refraction, any form of 
markedly defective vision, in fact, is also conducive to mental 
starvation in exogenous stimuli so necessary to the psychic de¬ 
velopment of the o^an of mind. To rem^y adequately these 
morbid conditions is imperatively necessary; in their presence 
organotherapy will prove useleea. 
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Tbbatmbmt. —Before medical treatment ia instituted sev¬ 
eral foctors must be taken into account. That insuflicieut food 
ig a prominent causal feature of backwardness, encountered with 
special frequency in our public schools, is well known. The 
functional relationship between the thymus and the brain, main¬ 
tained through the continuous supply by the former of nucleins 
which constitute the essential dynamic agent of tlie cortical cell, 
accounts for tliis phenomenon. Organotherapy without an in¬ 
crease of nutritious food in half-starved cliildn'ii is not pnaluc- 
tivc of good, but in some of harm where thyroid is made the 
sheet anchor of the treatment. It is precisely in such cases that 
the untoward effects of thyroid treatment and osseous deformi¬ 
ties resulting therefrom, especially genu varum, arc most fre¬ 
quently observed. 

Environment is another factor having considerable in¬ 
fluence over the result to be expected from organotherapy. The 
latter may endow tlie brain with the potentiality for develo|i- 
ment, and the neurons reach the maximum state of physical per¬ 
fection of which they are capable; but if exogenous impressions 
to develop tlie psychic functions of tlie brain arc missing, the 
organ lies dormant and little if any progress is made. In every 
itwtance, this pliase of the child^s every-day life should be care¬ 
fully scrutinized, and correctcil if ncc<l lie. The company of 
other children, the schoolroom, where the patient is old enough, 
and parental efforts to extend the vocabulary and develop under- 
standinjg, are potent adjuvants when available. Under such con¬ 
ditions mark^ improvement is often obtained when organo¬ 
therapy is resorted to to compensate for the deficient hormones 
in the child's organinn. 

All the organs of special sense, the child's environment, 
nutrition and general state of health, especially as regards anmia, 
tuberculosis, and hereditary syphilis having been fathomed, the 
condition of the ductless glands must be inquired into, by seek¬ 
ing for the various stigmata described under tiie preceding 
headings. 'Once memorial these signs are readily discerned and 
the underlying cause of the backwardness, if of glandular origin, 
is soon established. It is well to bear in mind, however, in many 
instances the signs of deficiency of any one gland are not easily 
identified, and that symptom-complex of several f^ds may 
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appeur. Thus a fat, pudgy cliild, witii Bubnormai temperature 
eepecially in the morning, and shoving perhaps fat pads 
over the clavicles and in the axillie may prove to be a case of 
hypothyroidinn with secondaiy dedciency of all the other i^ds. 
But this same ew may also be one of hypopituitarism. Here, 
however, infantile genital organs and a feminine build if a boy, 
and other signs of this condition d^ribed under the preceding 
heading, will appear. If the case be one of hypothyroidia, the 
use of ftyroid gland, 1 grain twice daily, with Bland’s pill of 
iron 1 grain, and strychnine % grain, exhibited in a capsule, 
will soon improve both body and mind by promoting the forma¬ 
tion of hemoglobin and the vascular tone. If the pituitary be 
at fault, pituitary gland powder 2 grains with grain of thy- 
‘ roid, also in a capsule, twice daily, will prove beneficial, but 
not curative. 

If the thymus be deficient for the child’s age, which is often 
tile case when larval myxedema is present, any mental torpor, 
the tendency to answer slowly and hesitatingly, is increased and 
the child’s osseous system will most likely show deformities sug¬ 
gesting rickets and looseness of the ligaments. Cutaneous dis¬ 
orders, especially a tendency to warts and ecsema, are sometimes 
observed. Powdered thymus gland, in 5-grain doses, gradually 
increased to 10 grains, with % grain of thyroid gland, to each 
capsule, given in the course of each meal and 2 grains of cal¬ 
cium lactate after meals afford marked improvement in most 
instances. In some the general health is greatly improved, 
while the mental deficiency remains the same. In other cases 
the mental progress is commensurate with tliat of tlie body. 

A freckled, weak child—^weak in the sense of muscular de¬ 
bility and deveolpment, is apt to suffer from hypoadrenia. 
There is often a history of several children’s diseases during 
which the adrenals, and often the thyroid and thymus, have be¬ 
come the seat of hemorrhagic lesions or have been exhausted 
functionally, thus retarding development, including that of the 
cerebrospinal system. Small doses of thyroid, grain, with 
1 or 8 grains of adrenal gland and 1 grain of iron carbonate, 
mixed in a capsule, may be given after each meal to a child of 7 
years. Sweets will probably be craved; the child should not be 
deprived of them (some parents being in the habit of forbidding 
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I hem altogether), ae the treatment creates an increased demand 
for glycogen. Pituitary gland is sometimes more effective Uian 
the adrenal, being more lasting; the |x>wder (Armour’s) may 
l)e given in doses of 2 grains tliree times a day, iron (‘arbonate 
1 grain, and Ko gnin tliyroid gland. 

An important feature of the treatment is to adjust tlie work 
allotted to the child to his mental capacity. The Binot-Simon 
system, or one of its modifications—one of dm satisfactory of 
which is that by Dr. Goddard, of the Vineland (New .Temcy) 
'I’raining School, is employeil to establish accurately the degree 
of intelligence of tlie-backward child. This being determined, 
the child is placed, where the municipality provides such, in a 
special class where studies are carefully adjusted to the degree 
of feeble-mindedness established by the Binet-Simon test in 
each case. Aided and encouraged, but not goatletl, a backward 
child, thus working witliin the precincts of his abilities, often 
surprises his teacher by the progress shown, particularly when 
he is simultaneously treated organotherapeutically. 

In the vast majority of communities special classes for back¬ 
ward children are not available. This is, indeed, poor economy, 
for while instruction and a trade suited to tiie degree of men¬ 
tality present will in most instances enable a backward pupil of 
the poorer classes to earn his or her living, such individuals, 
unprotected by such instruction, will ultimately become a chargit 
on the community, as a pauiier, an idiot, or as a convict. Many 
yean of total and therefore expensive dependence are thus sub¬ 
stituted for a few yean of inexpensive instruction. All cora- 
munitin capable of supporting a school should provide, singly 
or collectively, an ungraded class under a teacher spcidally 
trained in the management of the feeble-minded. The fact 
that the higher branches of study are not required simplifies the 
acquisition of the necessary knowledge by a lower-grailc teacher 
—^if temperamentally suited and well endowed witli kindness 
and patience. Such teachers are increasingly in demand, not 
only for public and private schools, but also for families in 
which a defective requires competent training. Indeed, an 
essential feature of the whole question should never be lost 
■i^t of, vis., that a backward pupil, when roughly urged to use 
his brain beyond its powers on the plea of laziness, truancy, etc.. 
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may readily be converted into a criminal. Goaded and punished, 
the child struggles along for a time to keep up with his normal 
classmates, but discouragement eventually replaces willingness; 
he becomes irritable and stubborn, and finally leav^ school or is 
dismissed as incorrigible. Buch weaklings readily yield to the 
promptings of evildoers, and not infrequently find their way to 
the reformatory or prison. 

TIIK PROPHYLAXIS OF MENTAf^ DEFICIENCY IN CHILDREN. 

It has been estimated that several centuries would elapse 
before eugenics, which aims to improve mankind through 
heredity, would prove fruitful to any material degree. Dr. 
Kehoe, superintendent of the Kentucky Institution for Feeble- 
minded Children, for instance, in extolling the merits of the 
movement, estimates that four hundred years would elapse be¬ 
fore statistics would show much progress. While this estimate 
is probably excessive, the fact remains that it will take several 
generations to attain the desired results. In tlie meantime the 
number of mental defectives is steadily increasing. The full 
meaning of this fact imposes itself when we reali/.e that, as 
stated by Barr, of Blwyn, there are 3.')0,0(N) avowed mental 
defectives in the United States, 328,000 of whom are at large 
‘‘perpetrating unrestrained the defilement of the race.'’ The 
Bussell Sage Foundation has shown, moreover, basing its esti¬ 
mate on a study of the schools of thirty-one American cities, that 
over one-fifth of all the children in the public schools of the 
United States belong to the retarded class. 

Eugenics being unable to inhibit the propagation of these 
unfortunates for the time being, some other preventive measure 
becomes necessary. From my viewpoint, the ductless glands,, 
which, as we have seen, have a controlling influenre over the 
nutrition and development of the body, including the brain, 
supply the means to this end in reaped to the various grades 
of idiocy and mental backwardness of children. 

At the present time, tlie offspring of feeble-minded parents, 
though known in advance to be doomed to the same fate, is 
permitted m ufero and after birth to follow the evil trend, 
in virtue it is thought, of transmitted hereditary traits. But 
the ductless glands tend to elucidate the nature of these traits. 
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Thus we have witnessed, in all tlie articles coutaiucd in tlio 
present and preceding chapters, the intimate functional relation- 
ship that exists between the ductless glands and the organ of 
mind. Not only, as is well known, are such disorders as Addi- 
tsoh’s disease, exophthalmic goiter, myxedema, acromegaly, eU-., 
attended with abnormal psychic phenomena in a large ]>ro)K>r- 
lion of instances, but mere deficiencies of functional activity, 
irrcspective of any active patiiological process in any one of the 
iliictlesB glands, may so inhibit the nutrition of the bruin ns to 
produce the various forms of idiocy and mental backwardness 
described in the foregoing pages. It is thus apparent that when 
such diseases are met in the offspring of feeble-minded parents, 
it must have been through the inheritance of deficient ductless 
glands from the latter or through them from ancestors. 

This imposes the necessity of showing that diseases, in¬ 
toxications and otlier causes of idiocy arc capable of provoking 
lesions in the ductless glands of the jiarcnts or ancestors. Amjde 
evidence to this effect is available. Alcohol, gout, lead jadsoniiig 
and infectious diseases all, we now know, im]niir the functional 
activity of the ductless glands cither by provoking organh; 
lesions in them or in their nervous sup])Iy or exhausting them 
functionally. S)’phili8 has been shown to do so by Fournier, 
laicaze, Sirena, fhirst, Guleeke, Marfan and others. Tuber¬ 
culosis is a notorious offender in this i-onnection, Addison's dis¬ 
ease, in fact^ being in most instances due to tuhcttmlosig of 
the adrenals; but, as llcnon** states, moreover, all the ductless 
glands, the thyroid, adrenals, pituitary, etc., arc the scat of de¬ 
generative changes in tuberculosis. Salmurin^* lias recently 
emphasized the frequent concurrence of hyperthyroidism with 
the latter disease—a sign that it is causing excessive functional 
activity of the thyroid. Rheumatism is so fnspicntly accom¬ 
panied by disorders of the tliyroid that the connection is now 
generally recognized. Alcohol is also a common offender; the 
microphotograph opposite page 1332 in the second volume shows 
that even the pituitary body may become the scat of fibrous de¬ 
generation, which means, in the light of my interpretation of the 
function of this organ, insufficiency of all the major ductless 

Ia TKbvB* mSdlcste, July. Itll. 

*8«to«rla: Arehlvw aliiSimlM d« mSd., Juu, 1114. 
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glands, tile circulation of which it governs. These few examples 
could be multiplied almost indefinitely. They will suffice to 
show, however, how exposed are these or^ns to functional de¬ 
terioration by the very pathogenic factors in forbears to which 
idiocy in their offspring has been traced. 

That so many different morbid conditions should be able 
to provoke mental deficiency is readily explained by the fact 
that any disease capable of injuring the ductless glands 
sufficiently to inhibit their functional activity, or inherited 
insufficieticy of these organs, impairs the development and func~ 
tions of the brain, by reducing the supply of secretions this 
organ requires to carry on these physiological process. We 
shall see in a succeeding chapter that tlie adrenal secretion cir¬ 
culates in the nerve-cell. This fact, which I pointed out in the 
first edition of the present work in 1903, was sustained by the 
experiments of Lichwita”’’ in 1908. The thyroid secretion being 
necessary, as we have seen, to co-oixirate with the adrenal secre¬ 
tion to carry on oxidation, tlie tliymus supplying tlie nucleins 
which arc oxidized, it follows tliat deficiency of these glandular 
jiroducts must entail deficient nutrition of tlic cerebral cells and 
corres]>ondingly defective mental jiower. 

Under these conditions, a pregnant defective fails to supply 
her fetus tlie ductless gland secretions it requires. Why permit 
this? Why seal the child's fate through inactivity? It is my 
firm belief that, with what knowledge we have of the ductless 
glands even af the ])rc8ent time, we could diminish the cJianres 
of such chddren dereloinng into menfat defectives by supplying 
them, through the intermediary of their defective mothers, and 
after birth through their food, the secretions they lack to com- 
ptete their development. ' 

This opinion is based on the undoubted influence of the 
various ductless glands ufmn every phase of the process of repro¬ 
duction. This is so well known that I will submit but a frac¬ 
tion of the testimony available to that effect. As stated by Tel¬ 
ford Smith: “The thyroid gland of the mother increases during 
pregnancy and remains enlarged during lactation, showing,” 
adds this author, “that it is iHuinectcd with fa'tal development.” 

■•Ucliwtti: Aroh. A nper. Fatiiol. u. Phann.. Bd. 68. Htt. 3 a. 4, S. 
331, 1808. 
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The adrenals are also known to be enlarged and overactive. 
Neu, moreover, found that the proportion of adrenalin in the 
hlood corresponded quantitatively with the activity of the ges- 
tative process, including the period of pregnancy. As to the 
pituitary, it was found to be overactive during pregnancy by 
t'omte Launois and Mulon and others. Swale Vincent states, 
in fact, that it may enlarge to two or tlinH? times its nonnal 
size. That the tlnmus is concerned witii tlie development of 
tlie offspring both during uterine life and after Inrth iuimIs 
hardly to be emphasized. We now know that its influence 
hears mainly upon the osseous and cerebrospinal systems. 

As to the effects on the offspring of <lefwlive (luctless 
glands in the parents, they may be illustrated by the statement 
of Hertoghe that “where the mother, for inslun«-c«, has at her 
disposal a sufficient store of thyroid sec-retion the child dties 
well, whereas if there is thyroid insnlliciency, especially if there 
is a history of inherited disease, alcoholism, etc., the chihl will 
probably be a myxedematous cretin. . . . Should the 

maternal taint lie slight, the child will he merely backward. 
'Phat the deficiency of thyroid of a ilcfective mother of the type 
refcrrwl to by TIertoghe influences her offsjjring is well shown 
by a case of lilos.«cV,®‘ in which a g<»itrons, fwbhj-minded 
mother gave birth to a puny, goitrous infant. I he child being 
breast-fed, thyroid gland was administercil to the nmtlier. with 
considerable benefit to her, but with early disappearance of the 
goiter in the child, whose healtli, moreover, lutame ex<-ellent. 
ITiis was evidently due to the m tion of the thyroid gland a< ting 
through her milk, for Bramwell” observed a case in which 
hyjierthyroidism was caused, in an infant by administering thy¬ 
roid gland to its mother, who nurse*! it. Kveryone knows, 
moreover, that both thyroid gland and pituitary markedly 
ai’tivate lactation. 

On the whole, the intimate relationship between the duct¬ 
less glands and everjthing that conwms reproduction, the 
great relative size of these organs in the pnsluct of coiM'cption, 
and the teachings of practical experience in organotherapy, all 
tend to indicate that whenn er iUe fniher or mother w a mental 

- Mnwf BttlleUn da TAcad. da MM. da Faria. April 12. MR 
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' deftctm or oM or both parents shovf any sign of defieUnt 
activity of one or more ductless glands, or whose history includes 
syphQis, epilepsy, tuberctdosis, or chronic alcoholism, organo¬ 
therapy shovid he instituted as soon as pregnancy is recognised. 

Ftophylactic Tbbatmsnt.— To detennine tiie course to 
follow, the stigmata of deficiency of each of the major ductless 
glands should be ascertained. In most cases the signs of defi¬ 
ciency of one of the glands predominate, and, such being the 
case, the use of that gland therapeutically as dominant constit¬ 
uent of the combination employed will procure the better re¬ 
sults. These signs have been given in the foregoing articles of 
this chapter (see pages 279, 288, 300, 302, and 308), to which 
the reader is referred. If the myxedematous type prevail, thy¬ 
roid gland should be the dominant constituent; if the Mongolian, 
the thymus, etc., the otiier organic products being given with it 
to provide for the developmental equipoise of the fetus, deficiency 
of one gland entailing deficient activity of the others. As we 
have seen also, all the ductlns glands may be organically dis¬ 
eased or deficient in the parent, in tuberculosis for instance; in 
such a case the stigmata of several glands may ap])ear, though 
not prominently. For the diagnosis and treatment of such cases, 
the general lines advocated for backward children (see page 311) 
will serve, the doses being increased to those suited for an adult. 
Additional hints are given at the end of the present article. 

The pregnant mother having been carefully treated organo- 
therapeutically according to the stigmata she presents, the infant 
will be supplied in utero with tlie secretions required to build 
upi not only its nervous elements, but also, its osseous, muscular, 
cardiovascular, cutaneous and otlier systems. It will also be pre¬ 
pared to develop normally after birtJi, provided the treatment be 
continued. This may be done, as previously stated, either 
through the maternal milk or, if the-infant be fed artificially, 
by adding the organic agents to its milk. Besides protecting 
the child, organotherapy protects the mother against renal dis¬ 
orders, eclampsia, etc., by increasing the antitoxic power of the 
blood and thus preventing the accumulation of toxic wastes 
which cause these disorders. 

The (xmtinuation of prophylactic treatment throu^ the 
maternal milk after birth will do more than approximately 
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restore tlie (tevelopuieDtal Imlauccs, physical and psydiic, of the 
child; it will aerve to protect it against disoase. Indeed, the milk 
of a normal woman does more than feed her suckling; it is now 
known to protect the infant against infection by means of fer> 
inenta which correspond in their physicochemical properties with 
those of the dncticss glands. In a mentally defective woman, 
iiowerer, the probability (shown by autopsies) tliat one or more 
glands may be defective gives her milk a doubtful character; 
hence the need of continuing the use of organic products. Cows* 
milk contains all the defensive ferments rcferrcil to, but, unless 
it cun be administered absolutely fresh, its protective pro|)ertios 
disappear, the milk then becoming an excellent culture mcilium 
for pathogenic organisms. Cows* or goats’ milk fed to tlie 
infant immediately after being drawn from the udder, and not 
Pasteurized—since this measure destroys some of tlie ferments 
'—will alone sustain the effects of the treatment begun in lUero. 
Even under tlicse conditions, however, tlie use of organic 
products with the milk is advisable, the tendency of all children 
thus treated being to recede unless this is done, at least until 
their own ductless glands acquire sufficient power to carry 
on their functions normally. The results in these little pa¬ 
tients, especially when, as is the case in most instances, the 
predominant stigmata are of thyroid origin, arc sometimes sur¬ 
prising. 

Another feature which the teachings of clinical experience 
have emphasized is that the younger the child the greater are 
the chances of restoring its psychic functions, if these have failed 
to develop. After the first few years of life, some improvement 
is obtain^ from organotherapy, but this is far from being ideal. 
This indicates plainly that the development of all infanta should 
be closely watched by the family physician, particularly if the 
family history is tainted, the physical and mental growth being 
compared with that required by normal standlards. Any de¬ 
parture from the latter should be the s^nal for a careful erami- 
nation of the organs of special sense of the child, the manner in 
which it w fed,-etc., and if- its condition cannot be accounted 
for through these factors and removed, organotherapy should be 
instituted. 

The thousands of purely functional defectives which the 
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country contaiiiii are, as wo have eecii, judging from persona! 
cases, the children of parents in whom, in most instances, clearly 
defined stigmata cannot be discerned. This means that any 
infant may become a defective unless its development be closely 
watched by tlie attending physician. At the present time, the 
evil trend is discovered too late to save the child’s mind. Were 
every infant closely watched from birth, and its development, 
physical and mental, compared with that of a normal child 
(standard tables being available in most works on pediatrics), 
timely treatment could be instituted and a large proportion of 
them redeemed. In addition to the use of organic products in¬ 
dicated by the stigmata discovered, the special senses should be 
cultivated, external impressions lieing all important factors in 
psychic development. It should be remembered also that dis¬ 
orders of the eyes, ears, nose, and nasopharynx may be the 
underlying cause of defective mental development in infants. 

All this bears only, of course, upon the defectives clearly 
traceable to inherited taints, all types of idiocy up to and in¬ 
cluding the backward child of our schools being meant. As in 
insanity in general, two great classes of idiocy are recognized: 
Uie organic, in which traumatism, hemorrhajp;, gummata, etc., 
have caused more or less localized lesions of brain-tissue and 
compromised psychic functions; and the functional, in which ni» 
organic lesions are present to account for the mental defect. 
It is in this functional type that heredity finds its greatest field. 
Unfortunately, as is well known, a large proportion of idiots 
show, post mortem, lesions of the brain such as sclerosis, atro¬ 
phy, softening, etc., which no longer are cultivable soils. Yet, 
distinct improvement is often obtainable even in such cases. 
This is because the de^nerated areas are seldom bilateral and 
the corresponding areas on the opposite side of the brain can 
thus be made, through improved nutrition and oxidation, to 
compensate to a remarkable extent, sometimes, for the short¬ 
comings of the functionless areas. Even these areas are some¬ 
times subject to improvement^ Cattani, Klebs and others having 
shown that regeneration occurs occasionally when the lesions 
are comparatively slight and of recent formation. 

Organic lesions of the ductless glands of the infant may 
also complicate the situation. Both these and the brain lesinna 
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may be catiECil by aa accumulation of toxic waatoa duriiijjf the 
pregnancy—the aame intermediate waateK which CRUf>c nephritis 
and puerperal convulsions. The intense vascular tension 
awakened gives rise to hemorrhagic focM in the brain and duct' 
less glands, with resulting impairment of the organ of mind. 
This emphasizes anew the commanding importance of the ad¬ 
vice of obstetricians to watch the kidneys rlmwly during preg¬ 
nane}’. The most frequent sources of lesions of the ductless 
glands, how’ever, are the diseases of ehildliooil. It is only a few 
}’cars since some textbooks of practice condemned precautions 
to avoid measles on the plea that the sooner it was over tlie 
better for the child! But we know tcMiay how ])cmioious w’as 
such advice. Not a small proportion of the cases of idiocy we 
meet date from some children’s disease during which hemor¬ 
rhage into the ductless glands compromised their functional 
integrity sufficiently to arrest cerebral dcvelopmeni 

Here again, however, pessimism as to results is not war¬ 
ranted if the child is seen early enough. A characteristic feature 
of the ductless glands is their tendency to hyiicrtrophy when 
the normal glandular tissue left after local lesions is sufficient 
to carry on their functions. Thus, onc-cicventh of the ad¬ 
renals suffices to insure this and one-fifth of the thyroid, also, 
provided the parathyroids are unharmed. If, however, what 
remains of the ductless glands of the child is not sufficient to 
sustain adequately general nutrition and brain development, 
oi^notherapy will serve to compensate for the glandular de¬ 
ficiency. We recognize these cases by the fact that they soon 
recede, after distinct improvement, as soon as the remedy is 
stopped and resume progress when the treatment is restored. 
But perseverance will elicit the fact that smaller doses will meet 
the needs of the cases after a time—evidence to the effect that the 
ductless glands themselves are increasingly meeting the demands 
of the organism. If the little patient is young enough, the time 
may come when no treatment will be required. 

Of the organic agents indicated in these cases, my prefer¬ 
ence has been so far for the desiccated gland in powder form. 
Experience has shown that, where simplicity prevails in the use 
of these agents the patients tend better to persist in their use. 
Again, powdered glands of a different kind can be conveniently 



822 THTROIO, THTMU8, AND ADRINAU IN lUNTAIi DniAOM, 


combined and given to adulta in capsules or mued vith the milk 
given to infants, unless they are breast-fed, when the gland is 
administered to the mother, her milk, we have seen, transferring 
the remedy to the suckling. In some instances, the unpleasant 
taste given to the milk causes the child to refuse it Then a fluid 
preparation may be given when such is available. 

In cases of maternal hypothyroidism, 1 grain of desiccated 
thyroid gland may be given th/ee times a day, during meals. 
Mental defectives require somewhat larger doses. For infants 
the dose must, of course, vary with the age of the little patient; 
]{2 groin is a suitable dose for an infant 1 month old; this may 
be increased by the same quantity for each month; a 2-month- 
old infant being given % grain, etc. As a rule, a year-old baby 
stands 1 grain daily without trouble. Adrenal gland may be 
given to adults in whom adrenal stigmata are present, in 2- 
grain doses, gradually increased to 5 grains unless constipation 
follow its use. Pituitary gland powder, 2 grains three times 
daily, is more efficacious. For the infants of such subjects 
pituitrin—a liquid extract of the infundibular portion of the 
pituitary—in drop doses in the milk to begin with, and in¬ 
creased as required, is more effective than any preparation of 
the adrenals. Thymus gland may be given in from 5- to 15- 
grain doses to the mother and 1-grain doses to the infant, grad¬ 
ually increased to the point of tolerance. This organic product 
is not always reliable and it is sometimes necessary to use the 
“neck sweetbread” of butchers instead. The compound syrup 
of hypophosphites is helpful when given with thymus gland. 
Often, a combination of tliese agents will doubtless hasten im¬ 
provement. All cases in which organotherapy is resorted to 
must be watched closely to obviate untoward effects. The dosa^ 
must be adjusted to e^ case, susceptibilities to organic agents, 
and notably thyroid, varying considerably. 

Dbvblopiibnt of thr Sknsrb.— Reference has been mode 
to tile importance of the senses, most of which are devdoped 
at birth, in the psychic development of the infant When any 
of them show distinct evidence of lagging behind, measures^ 
some of which are submitted, should be taken to favor their 
development 

MsarMg.—Even in the infant the auditory apparatus and 
the word-hearing center which constitute the main cerebral 
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mechanism of langnage are hi|^ly .receptive. We have, there¬ 
fore, in the apparently meaningless terms of endearment and 
praise, the prattle of other children, the cradle songs, and other 
forms of music, especially instrumental music, frequently re¬ 
peated simple words, particularly if connected witli some crav¬ 
ing which &e chad’s instinct will inspire, such as that for food, 
including the breast or bottle, etc., as many sources of stimula¬ 
tion which co-operate efficiently v/ith tlie organothcrapcutic 
measures adopted. With patience and perseverance and much 
repetition—virtues extolled in this class of cases by the late 
Kdouard S4guin—unexpected results are sometimes attained. 

Viaion .—careful examination by an ophthalmologist 
having shown that no organic disease of the visual apparatus 
exists to account for the apparent blindness, or dofeedive vision, 
and appropriate medication having been instituted, resort should 
be had to out-of-door life, and to various glittering objects to 
excite the retina and through it the visual apparatus,—first, as 
the vision is weakened by bandages over the eyes or the dark 
rooms, so can it be stimulated by daylight. The baby coach is 
of great aid iii this connection, its hood serving to shade the 
eyes, without interfering with the entrance of tlie surrounding 
bright light tlirough the retina. The retinal muscles and those 
of accommodation and motion are also stimulated out-of-doors 
through the many factors, distance, variegated coloring, moving 
objects, etc., which a nursery docs not supply. A glittering call- 
bell, several bright teaspoons tied together in such a way os to 
cause them to jingle when shaken, a shining baby rattle, etc., 
will enlist the help of the sense of hearing,, and aifonl the 
mother a clue to the progress made as regards directed vision. 
The distressing vagueness so characteristic of these little pa¬ 
tients when they attempt to see anything will at first breed 
discouragement in the attendant, but patience, aided by appro¬ 
priate treatment—direct or transmaternal—and the steady de¬ 
velopment of attention and interest ultimately afford' reward 
for patient efforts. 

Smell and Taeie .—One of the leading features in the recog¬ 
nition of mental deficiency early in a child’s life is Uiat where 
organic lesions do not exist; the nervous system, which normally 
would be in process of rapid development, responds with greater 

St 
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activity than later to the influence of remediea, especially or¬ 
ganic preparations which actually nourish the nerve-cdl and 
sustain its metabolism. The olfactory and gustatory apparatus 
thus develop more rapidly than in the older child, in whom the 
morbid process is more flrmly established and therefore more 
resistant. 

Important in this connection is the fact that where any or 
all tlie special senses show any marked degree of deficiency, the 
thymic nucleins should be supplemented by a preparation of 
phosphorus. Of special value in tliis connection is the official 
syrup of hypophosphites, which also contains a small dose of 
strychnine, 3 (^ 2 'grain to the drachm of syrup. 

Cutaneous Sensibility .—The usual means to develop touch 
—smooth and rough surfaces, buttoning, warm and cold surfaces, 
etc., used for older children—are useless for infants. These re¬ 
quire measures which excite t]<e entire surface. In some mental- 
defectives the temperature sense is so obtunded that a hot objeet, 
which normally causes rapid withdrawal of the hand in con- 
' tact with it, fails even to attract their attention. And yet these 
same children, who will appear dull, sleepy and torpid in cold 
weather, will, during warm weather or under the influence of a 
mild febrile process, become unusually bright and active. Why 
is this? It is due, from my viewpoint, to a physical phenom¬ 
enon the far-reaching importance of w'hich I hare long urged, 
vis., that while ferments carry on meMolism in all tissues, the 
temperature to which these ferments are subjected in the tissue- 
celts gorerns the rate of metabolism in those cells. Hence, 
warmth applied to the surface enhances metabolism and, there¬ 
fore, the vital activities of the entire organism. We therefore 
have, in hot baths twice daily, or, in heliotherapy, exposing the 
nude body to solar heat during prolonged periods, as is now 
successfully done in the treatment of osseous and glandular 
tuberculosis, potent aids in the treatment of these cases. 
Indeed, by supplying the infant the glandular substanees 
which carry on its vital functions and simultaneously heat to 
raise the activity of these funetions to their highest potential, 
we antagonim precisely the slowness of metabolism in all tissues 
—including the cerebrospinal system—^to whidi the hereditary 
forms <4 idiocy and mental backness are due. 



CHAPTER VII. 


DISORDERS DUE TO DYSFUNCTION OF THE 
INTERNAL SECRETIONS. 

DEMENTIA PR/ECOX. 

Although dementia ptsccox repre-ents aliout twenty-five 
per cent of the admittances to all insane asylums, fifty per cent, 
the figure given by Bayard Holmes as representing tlie proportion 
of cases in Illinois, is probably ne&rer the frutli for tlie country 
at large. This fgure may certainly be adopted as tiie probable 
one if to the asylum cases we add those in private institutions and 
those at their own homei^ including the tjiousands on the liorder 
line which eitlier have not as yet been recognized as victims of 
the duease, o. telong to tlie simpler group of '^apathetics'* and 
“indifferents.” In other words, one-half of our insane of botli 
sexes are recruited from adolescents. And tliis docs not include 
another large class, that of the feehle-mindeil—an important dis¬ 
tinction, for the candidate for dementia pnccox is not infre¬ 
quently unusually intelligent, and finds his or her mental doom 
in overstudy. 

The gravity of tlie harm done by tliis dread malady is fur¬ 
ther emphasized by the fact that when it occurs among the poor 
and in environments where immorality reigUs, it breeds tlie 
paranoiac crank, the irretrievable criminal, tlie vagrant, the 
prostitute, etc. It is hardly necessary to dwell on the import¬ 
ance of any effort to stem such a tide of misfortune and iniquity. 
It is gratifying also to realize how widespread have been the 
efforts in the same direction of late. Some of these efforts are 
already beginning to bear fruit, and, if the many phases of the 
problon continue to be studied diligently, and if tlie general 
practitioner, who is first consulted in practically every instance, 
will familiarize himself with the early clinical picture of these 
cases and institute both prophylactic and remedial measures, the 
gloomy prognosis may be replaced by one affording at least some 
encouragement for the future. 


(325) 
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A few years ago, Bayard Holmes,' criticizing the purely psy¬ 
chogenic doctrine of l^e disease, wrote: **One might as well talk 
to the alienist of death and its prevention as of dementia pnecox 
and its cure. To the psycliogenist, dementia pnccox is the result 
of 'twisted idea’ of some sexual nature which upsets die whole 
organism. It disturbs adaptability, destroys emotion, paralyzes 
volition and precipitates a piiysical and mental degeneration and 
dissolution. The 15,000 youths of high school age who go into 
the madhouses of our continental empire every year, leave all 
hope behind. During the first year of incarceration tliey have a 
very high deatli rate, almost 100 per 1000; but if they survive 
this critical pcrioiT, they live aliont seven years in custody, and 
54 per cent, of these die of tuberculosis.” .... “Another 
20 ]M!r cent, become mute, inactive, catatonic, 'untidy’ and curl 
up polluted every day in their own offal, to die of starvation, 
bcil-sores and intercurrent disease.” Commenting then upon the 
* virtual impotence of alienists as regards any curative treatment 
of the disease, he describes what may prove to be a new era in 
this respect. 

This new era ho connects witli what he terms “a most re¬ 
markable phenomenon” discovered in 1012 by the Swiss bio¬ 
chemist Abdcrhaldcn,^ riz., tliat toxic albumins of endogenous or 
exogenous origin provoke in the blood a defensive reaction con¬ 
sisting in the reduction of these toxic albumins to a peptonoid 
or soluble form which enalilcs them to be readily excreted by the 
kidneys or liver. The active agents in this pnicess Abdcrhalden< 
termed “defensive ferments” (to which reference will be made 
' in die next chapter) which he deemed similar ‘‘to those secreted 
by the digestive glands in die intestinal canal.” Those who are 
familiar with my labors, are aware of the fact diat long before 
Abderhalden, 1* published in the present work (see also next 
chapter) similar conclusions to his, concerning the role of diges¬ 
tive ferments and certain ductless glands in cellular metabolism 
and defensive functions, differing only from his independent ob¬ 
servations in diat certain Icucoi^tes were factors in the process, 
The fact that from two independent directions, identical results 
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should be obtained, indicates the strength of the position as a 
working basis. The Abderhalden reaction itself, which can be 
))erfurmed in tlie test-tube, is of course familiar to everyone. 
Now this reaction has shown distinctly tliat the various ductless 
^•lands, including tlie sex glands, were the scat in dementia 
pnecox, of abnormal activity, tlie tliyroid for instaiu'e, showing 
the characteristic picture of hyperthyroidia or cxophtlialmic 
goiter. 

Various autliors had tentatively suggested that tlie ductless 
glands had something to do with dementia pra<co.\, some sug¬ 
gesting overactivity, others to deficient activity of one or more 
glands, witliout working out tlie nature of the process involved. 
On the other hand, several authorities, notalily llegis, Kraciielin, 
and Dercum, have attributed dementia pnccox to some form of 
toxemia. We shall see presently lioth the nature of the endo¬ 
crine process and the source of the pathogenic toxin. 

Very suggestive also was the fact demonstrated by the Ab- 
(lerlialden reaction, tlmt the various ductless glands were the scat 
in two-thinis of the cases of dementia |jrH>cox, of degenerative 
processes. The existence of such lesions is well shown by eight 
cases carefully cxamine<l post-mortem by Dcrcum and Kllis,* 
who conclude tiieir valualilc study with the following statement: 
‘‘Witliout attempting an interpretation of tlie histological itni- 
ditions—a matter of extreme difficulty in the present state of 
our knowledge— v/e are at least justified in the conclusion that 
in our cases there was in all probability a disturbance of what 
Sajous has called the ‘adrenal system,’ i.e., of the chain made 
up of ^e pituitary, the thyroid and the atlrcnals. Es{K>cially 
was change noted— e.g., striking departures in weight—in the 
thyroid and adrenals. Now ^joiis has ]>ointed out that in 
tuberculosis there is an inadequacy of this adrenal sysh'm and 
the thought naturally suggests itself that these eight (Hitieiits 
suffered from dementia pnecox for Uie same reason that they 
subsequently suffered from tulierculosis; tliat is liecause of an 
inadequacy or abnormality of their adrenal systems. It is 
rather a remarkable fact that the almost universal cause of 
death in dementia pnccox is tuliereulosis and if the feebleness 
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of resutftnoe to the tubercle bacillus is due to a fault of the 
g Hwitiiti system, we have reason to infer that this fault pre-existed 
and that it is one of the factors in the makeup—-the morphology 
—of dementia praecox/’ 

This conception is of value in the sense that it gives us, 
poised on sound histological facts, the culminating or terminal 
feature of dementia pnecox, e.g., breaking down of the ductless 
glands, with tuberculosis as result, because by provoking d^n- 
eration of these organs, the disease or its causes reduced the 
eiliciency of the systemic defensive mechanism and made the 
body vulnerable to infection. It is not, with this terminal 
stage of the diseaife, a “feebleness of resistance” due to faulty 
endocrinic activity, however, that we have to deal, but with 
, a graducd destruction, by the disease itself or its causes, of endo¬ 
crinic efficiency. But how can dementia pnecox or its causes 
bring this about? Herein lies, it seenw to me, a fundamental 
feature of the disease and a clue to its rational interpretation. 

In onler to make this clear it is necessary to review, though 
very briefly, the functions of the various ductless glands involved 
as 1 have interpreted them. 

We have seen in earlier chaptera that it is clearly through 
the adrenal secretion that the venous blood is converted into 
arterial blood and that the life of every cell, including nerve 
cells, is sustained. Anotlier function of the adrenals of import¬ 
ance in this connection however, is that concerned with the de¬ 
struction of various poisons, including toxic wastes, pointed out 
by Albanese, Abelous and Langlois^ and sustained by others 
since. We have but to recall the vulnerability of cases of Addi¬ 
son’s disease and the various forms of adrenal insufficiency to 
iutercurront infectious to realize tlie importance of this defen¬ 
sive rdle. Now tliese two functions, respiratory and antitoxic, 
bear directly, as we diall see later, upon the pathology of de¬ 
mentia pnecox, for while, as will be shown fartiier on in this 
work, adrenalin laden—or better, oxyluemoglobin laden—plasma 
circulates (as does tetaifotoxin), in tiie uis-cylinders, cell- 
body and fibrils of nerve cells, the antitoxic virtues of this 
plasma are also brought into play through the presence thwein 
(d the adrenal principle. 

As to the thyroid, 1 need but recall its paramount idle in 
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metabolism, wfaidi in Kendall’s words: **are so great that prac< 
tically evary cell within the animal organism is changed. The 
effects are felt throughout tlie nervous system and the circula* 
tory systmn; the rate of metabolism is enormously increased.” 
There is one feature of the process, however, tliat is also of car¬ 
dinal importance in dementia prsecox besides its influence on tlie 
nervous system—through which it circulates likewise from my 
viewpoint—and that is the marked influence of thyroid on 
the catabolic jdiase of metabolism. This is well shown by its 
action as an antifat, so abused at one time. It first attacks 
the fats, then the other tissues when administered in excessive 
quantities and tiie body steadily dwindles down until dangerous 
cardiac symptoms appear. 

But this stimulating action on catabolism has its good 
sides and this is a third feature bearing directly upon dementia 
pnecox. Briefly, the same action tlirough which the tliyroid 
secretion breaks down metalmlic wastes causes it also to break 
down bacteria, toxins, and otlier organic {wisons. It tlius be¬ 
comes a defensive action. We have seen tliat the tliypoi«l hor¬ 
mone in this connection is in reality what Sir Almroth E. 
Wright had termed opsonin and the sensitising agent in our body 
fluids, both the plasma and phagocytes. This view has also been 
confirmed. L6opold-Levi and H. de Itothschild,” for instance, 
writes: “Sajous has attributed, among the functions of the thy¬ 
roid body, a r&le to the latter which he assimilates to that of 
opsonins and autoantitoxins. More recently, Fassin of the Bac¬ 
teriological Institute of p6ge, and Stepanoff and Marb4‘ of the 
Pasteur Institute of Paris, lUtve conflmied on their side the In¬ 
fluence of the thyroid on the blood’s asset in alexins and ojj- 
sonins.” Others have also adduced evidence showing that tlie 
thyroid product influenced favoraldy autointoxications and In¬ 
fections various kinds. 

The th}'mu8, we have also seen, does not, as generally taught, 
disappear at puberty. It begins to diminish rapidly in size at 
that time and by the twenty-fifth year has atrophied to about 
one-fifth of its former dimensions, retaining a relative propor¬ 
tion of functional parenchyma. Thence on it disappears very 
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dowly until about the age of sixty, when but a maall remnant, 
containing usually parenchyma, is left. 

Several salient physiological facts connect the thymus with 
dementia prsBCOx. In the first place, absence of the thymus is 
almost constant in noncretinic idiots, 302 times in 408 cases 
examined post>morton by Morel,* 28 times in 28 cases examined 
similarly by Boumeville. In the second place, though dassed 
as a lymph gland, the thymus is five times richer in nudeinates 
tlian tlie latter; and it is these nudeinatra (which contain 3.7 
per cent, of phosjfiiorus) that the thymus, through its migrating 
cells, the thymocyte, supplies to both the nervous systmn at 
large, induding the brain, and the bones. Hence my conclusion* 
many years ago, that the function of the thymua was to supply 
the excess of phosphorus in organic combination that the body 
requires during the development of the child. It is, in other 
words, the fundamental ground substance for the fata (the 
myelin, lecithin, etc., and nucleins) of nerve cells. The third 
and last feature which bears directly upon dementia prscox is 
also often overlooked, m., that the thymus depends for its 
ciency upon adequate feeding and upon conservation of its sup¬ 
ply of nudeinates to preserve the functional integrity of the 
tissues it supplies. We shall see presently the bearing of this 
phase of the question in point 

With these few physiological data as basis, let us try to 
unravel some of the prevailing obscurities. 

That a toxiemia is an exciting cause of dmentia prsecox is 
now accepted by many observers. Severe infections, pregnancy, 
the puerperium, the climacteric, severe mental stress, traumar 
tisms, excessive exertion, fecal stasis and autointoxication, are 
some of the causes of toxsemia found in the histories of the 
cases. A suggestive feature in this connection is that this list 
corresponds exactly with that which endocrinologists have 
worked out as the leading etiological factors of hyperthyroidia 
and its most advanced type, Graves's disease. In fact, every¬ 
thing tendsf to show that fte only differences between these two 
disorders lie in the facta tiiat wkiU dtmmiia praeox oecvn in 
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indioidluali pndiiposed in (he majorUy of inatancee by heredity 
to psychom, and posaemd of a normal Viyroid but a deficient 
thymus; Graves's disease occurs in subjects who are predisposed 
to that disease through heredity or m whom acquired structural 
lesions tn the thyroid have enfeebled its secreting power, thus 
rendering excessive {and therefore pathological) activity of its 
secreting elements necessary. 

Etiologically, simple goiter also shows kinship with botli 
dementia pnecox and exophthalmic goiter for, as shown hy the 
painstaking labors of Major McCarrison, of the Indian Medical 
Service, an undetermined variety of colon bacillus, derived from 
fecal matter ingested witli water, is undoubtedly causative of 
this condition, while my own observations in Switzerland, where 
fecal matter is generally used to fertilize vegctai)le patches, and 
indirectly contaminates wells, have led mo to ascribe most coses 
in endemic districts to this cause. Familiar also is tlie goiter of 
adolescents so common in our schools, another point of resem* 
blance with dementia pnecox. Again, many years aj^ W. Hanna 
Thomson in a campaign against a relationship between the tliy- 
roid and exophthalmic goiter, attributed this disease entirely tn 
a toxsmia of intestinal origin, recommending purgation and 
appropriate diet to cure it. 

In dementia pnecox, the same series of events occur. The 
intestinal tract is undoubtedly a prominent offender. As 
worked out by Bayard Holmes and his associates," a toxin is 
produced by ^e growth of organisms of the colon group upon 
unassimila^ food proteins either in tlie cecum, owing to pro* 
longed atasis therein or beyond the ileocecal valve. The cec-al 
stasis is such, he states, that as observed by fluoroscopy and a 
progressive barium meal, the latter may be found to remain 
(thus typifying the fecal mass) from 54 hours to 3 weeks in 
these in^tinal areas. In one of my own patients^ a 48*hour 
fecal stasu, probably with a stationary mass, olwerved with 
barium and repeated x*ray^ sufii^ to provoke a severe 
form of the disease. 

In this particular instance, I was able to verify the trotii of 
the following statements as regards ''remarkable improvemenf* 
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(the patient has now been well two yean) alio by Bayard 
Holmes, who refen to: ^^Bonarkahle impioveineiit and even 
recovery in few patients treated, by appendioostomy and pro¬ 
tracted irrigation of the cecnm and colon witii large quantities 
of water. By this direct and positive method,’* he states, "the 
attempt has been made to arrest the production of toxic amlns 
in tiie cecum and diminish the amount of the toxic substances 
absorbed.” In tlio personal case referred to above the appendix 
had lieen removed some time before; cecostomy was tiierefore per¬ 
formed for me by Professor Ernest Ijaplace, and irrigation of 
the cecum and colon carried out tii rough a rubber catheter intro¬ 
duced into and kept in the cecal opening. Instead of using 
plain water, however, for the irrigations, I advocated the use 
of warm saline solution—much of which was retained—^my 
reasons for the change l)eing as follows: 

Professor N. Ishida,* of the Nagasaki Medical College, re¬ 
calling the fact that ■Kraepelin"’ had found experimentally that 
sodium chloride infusions caused "an increased feeling of hun¬ 
ger and thirst accompanied by a regular improvement of the 
general health,” tried their use in dementia pnecox, using a 
0.09 per cent solution intravenoudy where possible, in quanti¬ 
ties ranging from 300 to 1000 grammes repeated, where this 
was done on an average of four cases about every twelve days 
or three times out of the ten cases studied, and, in one instance, 
in thirty-nine daya In one case, there was no chan^ excepting 
a temporary increase in interest; in three there was lasting im- 
provfunent; in four, remissions lasting from one to three and 
one-half months; in one, a remission which may have' been 
spontaneous; in one, suffiicient improvonent to warrant dis- 
cluu'ge. Another serira of fifteen cases treated in the same way, 
L. V. Outhrie" gave the following results: 10 cases, very 
rmclean before treatment, were improved in this respect In 8 
cases, there was an awakening in interest in work, directly fol¬ 
lowing the treatment, and in 7 of these cases, this has continued. 
Bemissions occurred in 6 of the 15 cases but these improved 
again on reinjection of the solution; 7 cases have i^tiy im- 
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proved without remission. One apparent cure, witlumt remis- 
sipn since treatment was comment 5^^ months ago. Second 
apparent cure without remission for three months. This case 
lias put on twenty*five pounds in weight and improved mentally 
. to a surprising degree. All IS cases showed increase in appetite 
for food and all gained flesh.’* 

A feature to which special attention, must be drawn is that 
ishida observed; following the first infusion in some cases, what 
he terms **a fever of unknown origin” ranging from lin.d* to as 
high as 40.6* C., followed by excitement in two instances, which 
may, he thinks, have been ‘'the-result of defective stcrilij(ing 
methods.” “Yet,” he states, “the occurrence of fever in some 
instances after the infusion is not, without significance, since 
the mental status of patients with endogenous dementia has 
often been noticed to have improved after the occurrence of 
fever.” 

In the second volume of the present work I stated** rc> 
ferring to sodium chloride: “When the supply is inadequate, 
all the functions are hampered, since it is the solvent of adren* 
oxidase (serum globulin.) By holding the latter in solution it 
insures'its free circulation as a constituent of the plasma in all 
vessels down to the minutest capillary networks distributed to 
cellular elements, including those of tlie nervous system: The 
axiscylinders and other neuro^fibrils, the networks of neurons, 
their dendrites, etc. This also enables the atlrenoxidasc-laden 
plasma to transude freely through the capillary walls in order 
to reach the tissue-cells, i.e., to carry on the life process. The 
free osmotic properties which the lymph in the tissue-spaces 
also owes to so^um chloride insures another important function, 
vis., that of sweeping away by the lymph-current of all wastes de¬ 
rived from the cell.” The fever refen^ to by Ishida thus finds 
a normal explanation: tlie defensive properlies of the blood 
plasma and Us cells beiujf enhanced bg the saline solution, an 
exaeeshttJtion of antitoxic activUtf, i.e., fever resulted, followed by 
improvement. In otiier words, what benefit was derived from 
this method—and I have seen improvement result in other cases 
from large ccdonic irrigation with saline solution—^wos due to 
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the general destruction of the causative toxics and a temponrv’ 
arrest of their injurious effects upon the cerebral cells. To this 
must be added a similar action with improvement of osmosis in 
all tissues including the ductless glands, thus facilitating the 
liberation of the secretions of the latter. This means restoration ■ 
of general metabolic activity besides the resumption of antito.xk‘ 
power—salient functions, we have seen, of the thyroid and 
adrenals. 

A toxaemia, demonstrable by much available evidence from 
various sources, being accepted as a cause, what is its relation¬ 
ship with the physical symptomatology of the disease? 

Petersen'* states in his text-book: "The physical disorders 
of dementia pnecox have no pathognomonic value, though many 
have been studied and described. Among them are attacks of 
syncope, epileptiform, apoplectiform and hysterical seizures, 
localized spasms, tetany, transitorj' paralyses, aphonia, singultus, 
choreiform movements, athetoid ataxia, aphasia, exaggerated re¬ 
flexes and increased mechanical irritability of the muscles, 
dilated pupils usually; vasomotor disorders (cyanosis, cedema 
dermographia, hyperidrosis); increased salivary secretion; pulse 
slow or rapid, often weak and irregular; subnormal temperature, 
amenorrhcea, diffuse enlargement of the thyroid gland; aniemia; 
emaciation in, acute and subacute conditions, bub rapid increase 
in weight in the later stages.” To these I shall add a few other 
familiar symptoms to emphasize special pointa 

It must be granted that an interpretation of a morbid 
process capable of explaining all the physical signs of that 
process, must be fundamentally sound. Ihis attribute the ex¬ 
planation submitted seems to me to possess, as we shall see 
presently, after outlining what to me is the secret of the disease. 

Given a pathogenic toxic that is absorbed into the blood, it 
evokes, from my viewpoint^ a defensive reaction in various duct¬ 
less glands, the thyroid and adrenals in particular. Sometimes 
the thyroid is suffidenUy enlarged to be noticeable before ex> 
haustion atrophy luu occurred in the organ. The adrenals have 
been found enlarged post-mortem by Parhon and Zugravu'* and 
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Deicnm and EUis.^* The exceasive activily of the thyroid 
having for its purpose however, tlie destruction of poisons, its 
activity is such as to break them down, t.s., to catabolize tliem, 
tliis process being in keeping with its familiar action as an 
anti-fat. HMein lies, it seems to me, the main fundamental 
feature of the morbid process of dementia pnecox. Briefly, the 
patient is the victim of his defensive resources: he undergota 
psychicai deterioration as a result of the active denutrition of 
his cortical cells {among others) through inordinate catabolism 
of the cellular fats of all neurons, lecUhina and other phos¬ 
phatide, cholesterol, etc., otcing mainly to the ejccessive caUd>olic 
activity of his thyroid gland. This occurs espedaUy during 
adolescence because his thymus, owing to the coincidence of 
puberty, is rapidly reducing the supply of nucleoproteina re¬ 
quired by his cerebrospintd and peripheral nervous systems to 
buUd up these fatty bodies. 

We shall now see that tliis elucidates the physical symptoms 
of the disease, tlie mental symptoms being obviously due to pro¬ 
gressive destruction of the cellular elements. 

The vascular symptoms, “cyanosis, icdema, dermographia, 
hyperidrosis” with the “pulse slow or rapid often weak and 
irregular,” “subnormal temperature and syncope,” obviously 
denote the opposite of active metabolism. They point clearly to 
relaxation of the peripheral vessels knoun to attend excesswe 
thyroid activity. The bloo<l-pre88ure is generally well lielow 
normal, as shown by Lugiato and Cliannessian'* and otiicrs, but 
variable in the same individual. The same irregular hypotony 
attends the cardiac muscle; hence, the frequent changes in ilie 
pulse-rate and vigor, either from day to day or within, in fact, 
a few hours. The circulatory torpor is sometimw rendered evi¬ 
dent by reddening of the extremities, hands, feet, nose and ears. 
As an Italian alienist, Lugiato’* states: “The patient is apt 
to present a rather delusive appearance of robustness, but in 
fact, lie is feeble and torpid and ev’en liefore tlie well-marked 
onset of the disease his circulatory system is apt to be poorly 
developed, hia left ventricle small, his pulse fe^le and of low 


* Dman sod Wlta: Jour, of WmiUI Md.W grv. >Wb., WX ,_ 

** CbuiiMwtaii: 9enn> 41 9twlAlriiiis voli uudlt ■■■Ci 

” LadM: Mofvacnis J«i.» tM7« 



886 DISORDBBa DOB TO IHTBBNAb BBCBBTIONtL 

tension, and his saperfidal veins not very distinct,” It is to this 
vascnlar torpor that (^anosis—sometimes leading to gangrene—' 
is due, the dermographia indicating capillary passive hypenemia 
due to relaxation of the arterioles. It’accounts also for the 
oedema, sometimes limited to circumscribed areas rmembling 
fat pads or so infiltrating the whole body as rapidly sometimes to 
cause a **rapid increase in weighty” and also the brain to such 
a degree as to have suggested the term “wet brain.” 

The eye fundus, examined in 109 cases by H. H. Tyson 
and L. Pierce Clarke" shows corresponding signa “The pri¬ 
mary change^” write these authors, “were in the veins which 
become dilated and tortuous and oedema follows, the changes 
being analogous to' those seen in the passive congration of the 
face and hands.” What “ansemia” there exists is fictitious, for 
the red corpusdes count usually exceeds normal and is really 
due to the general hydremia. 

The “hyperidrosiB” is another symptom of vascular relaxa- • 
tion in these patients, the sweat-j^andt, owing to the torpor of 
their vascular supply, losing their tone and allowing the sweat 
to ooze out as it often does when death is near. A striking 
symptom, particularly noticeable in cases due to fecal stasis, is 
that the sweat itself gives off an odon—so repulsive in three 
of my cases as to make close proximity to them quite unpleasant 
Others have compared it to the odor of small-pox cases. The 
“increased salivary secretion” is also due to relaxation of the 
glandular vascular sui^ly. 

^ “Syncope,” the last of the vascular series, becomes a normal 
result of such a state of things. The low blood-pressure, the 
feeble heart action, the circular torpor—ell of which tend to 
favor accumulation of the systemic blood into the splanchnic 
aresr-ieadily explains the berebral ischsemia to whidi syncope is 
usually ascribed. 

As regards the muscular system, proper, there is one per¬ 
plexing qrmptom which nothing so far has explained. It is 
the automatism or wax-like position retained by the extremities, 
etc., when they are placed in that position. iWisely as would 
a jointed manikin, it is retained, no matter how uncomfortable 
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or groteeqoe^ until tilie limb oz head is replaced. If, however, 
we T^iae that the functiona of the central neurons controlling 
these movements are also inhibited through the paucity of fatty 
bodies in them, this ''stereotyi^ of movement^’ as it is called, 
and whiidi also involves the speech musclra, its cause becomes 
self'evideni The mutism is probably due tb the same condition. 

The cdlular denutrition also accounts for the “general 
emaciation^' witnessed, and for the sexual anomalies. Indeed, 
as Plummer^^* of the Mayo Clinic, states, “the thyroid hormone 
is fundamentally a part of the catabolic process of higher 
animal life." But how explain the epileptic attacks so common 
in these cases? As Fierce Clark*** states, after a study of 
150,000 seizures in ordinary epilepsy, ^'wamust see the prin¬ 
ciple of pathogenesis in an initial toxin or auto-intoxication." 
Not only does this correspond with the cause of dementia praecox 
in poin^ but two of my own cases of epilepsy in children, one 
virtually an instance of status epilepticus, having from twenty 
to thirty fits a night, and the oiher ^ee to five a night, treated 
on lines calculated to arrest toxsonia of intestinal origin, re¬ 
covered perfectly, one being now of seventeen years’ standing, 
the other of over four years. In this disease, as well as demen¬ 
tia praecox, the fit is the refiex expression in most casra, of a 
pro^tive wave to overcome a tide of toxics which inadequate 
defensive endocrinic resources cannot destroy as fast as formed. 
Hence the improvement noted after such a paroxysm; hence 
also itsl recurrence as soon as another toxic wave has attained a 
certain level. The early 'fiiysterical seizures; localized spasms 
and tetany," the “singultus," the “exaggerated reflexes" and 
“increased mechanical irritability" are but variants of the toxic 
process during the anabolic, ae., pre-catabolic stage, dependent 
upon the cerebrospinal centers irriteted, the form of nervous 
instability peculiar to the patient and the efficiency of his defen¬ 
sive resouTCM. It is perhaps unnecessary to sta^ that not all 
the symptoms enumerated are observed in a given case; as 
Petersen says; they are not pathognomonic. 

When “apoplectiform seizures” appear there is reason to 
think tliat a focal cellular autolysis has occurred, while in 
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<<athetoid ataxia” and "aphasia” the "transitory paral]^” may 
all be resnlts of the excessive catabolism entailing breaking 
down of the cellular fats of central neurons, as shown by 
diromatolysis of their cell'bodies. These explain not only the 
presence of these symptoms but also their prompt disappearance 
when the cellular autolysis ceases under appropriate treatment. 

It is in the light of all these facts tl^t we recall my pre¬ 
vious statement that all nerve cdls, including the cortical neu¬ 
rons (see Chapter X, this volume), are themselves vascular 
channels, and the seat of catabolism therefore, as are other cells 
—but in nerve cdls breaking down their functional fate—^we 
have a foundation for the fact, put in the words of Joseph 
Collins^^ that sufferers of the disease "lose their capacity for 
enthusiasm, are incapable of experiencing extremes of pleasure 
or pain, manifest a marked listlessness face to face with ex¬ 
periences of life that ordinarily provoke emotional display”; 
and finally "that aboulia, or loss of will power, is perhaps the 
most conspicuous hall-mark of dementia prsecox.” 

The pathological findings of the cortical cell in dementia 
prsecox are in keeping with the destructive process of excessive 
catabolism of cellular fats. As observed by various histologists, 
the chromatic substance of the cell bodies ri(h. in fats, yields 
first; then the achromatic substance; the intracellular network 
which from my viewpoint contams the blood-plasma with its 
glandular hormones, while the nucleus and nucleolus which con-, 
tain the dynamic bodies of the cell, its phosphorus-laden nucleins, 
gradually undergo atrophy and fragmentation. 

An important point in this coimection is the source of these 
nucleins, the feeders, at least in part, during the development 
of the child, of his nervous system, including the cortical cells 
now in question. We have, seen that from my viewpoint, they 
are in part derived during the growth of the child from the 
tfaymn^ and tiiat this gland begins to . atrophy rapidly at the 
very time when dementia pneoox usually occurs, t.e., during 
adolescence. Thus, as we have seen, while excessive catabolism 
uses up what nucleins the cortical cells, among others, contain, 
the supply of nucleins slowly declines. 
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Indiiect teatimony to this effect is afforded by the fact that 
the therapeutic use of nudeinates has giveh good results, accord- 
iug to Donath and Lundvall, Bayard Holmes and others; thy¬ 
mus gland extract has been giyen by Ludlum and Corson 
Whited* in six cases; “three gave excellent results,’’ they state, 
“and are totally well at the present time.” 

Finally, another fact which has remained unaccounted for 
80 far, and which the newer conception, submitted herein, ex¬ 
plains, is the effect of partial thyroidectomy resorted to by H. J. 
Berkley, and Kanavel and: Pollock; owing to some resemblance 
of Ihe catatonic phase of the disease to exophthalmic -goiter. 
B. Lewis,** who summarizes tiiis work, states that it was fol¬ 
lowed by “a favorable andi sometimes curative effecti’ in early 
cases, but with no beneficial result in advanced cases. It is 
obvious that this operation by partially removing the thyroid, 
reduced the destructive catabolism it induced. In early cases, 
when the cortical cells wme not materially damaged, recovery 
could still take place, while in ihe advanced cases the disin¬ 
tegrated cortical cells were beyond any possible recovery. While 
this procedure is not warranted, now that some form of toxsemia 
within our reach is the initial cause, the fact remains that it 
emphasizes anew the importance of early curative measures as ' 
soon as a case of dementia prsecox is clearly identified. 

And this we have seen does not belong to the domain of 
the alienist. It belongs, if any result is to be attained in stem¬ 
ming the terrible and ever increasing sacrifice of young minds, 
to the general practitioner, who first sees the exposed chUd. 
Yet in order to permit of this, it is necessary to take into account 
the statement of Joseph Collius that “dementia prsecox is a dis¬ 
ease which the physician frequently encounters and often fails to 
recognize.” This is in a great measure due to the complexity 
of psychiatric terminology, and it must be said also to the metil- 
physical trend of their interpretations, a field which the genera] 
practitioner usually, fails to enter. 

Beduoed to its simplest expression, the mrly aympioma- 
iology of the average case of dementis prs^x before the stage 
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of m 8 an% sets in is not difficult to recognize, thou^ subject to 
many variations from the picture here given. 

The patient, about Ihe age of puberty, who may, perhaps, 
have done well at school, fails to sustain his genend averages. 
He finds it increasingly di&ult to concentrate his att^tion 
either upon his books or any work entrusted to him, and tends to 
drop his tasks unfinished. He may leave a position with no 
apparent excuse, disregarding promisee and appointments, and 
on taking another, conducts himself in the same manner—a 
behavior differing totally from his former habits. He become 
listless, moody, constrained, taciturn and seclusive, showing an 
increasing tendency to ignore the external world. He also be¬ 
comes careless in dress and appearance. His emotions seem 
also to Imre deteriorated; he no longer becomes enthusiastic over 
matters or events which formerly greatly pleased him. He shows 
no joy or sorrow and all tendency to emotional attachment —7 
whether it include affection, altruism or love—steadily decline, 
until every finer attribute inspired by the love instinct seems 
to have disappeared. 

His temper may also ^ow a marked change, contrasting 
perhaps with what formerly was deemed a "good disposition.’* 
He tends to become surly; is easily angered and quick to quarrel. 
He is very positive in his likes and dislikes, obstinate and un¬ 
reasonable in his demands and may show, if resisted, violent out¬ 
bursts of temper, scream, weep and use violent and profane 
language. On the whole, he is very resentful of control—a 
defect which often entails the reformatory—and tends to oppose 
everything done for him. About this time an outbreak of some 
sort may occur; the sufferer, boy or girl, may run away and be¬ 
come exposed to the limitless dangers that the external world 
offers. 

The excitement phenomena probably coincides with early 
irritation, direct or indirect, of the cortical cells by the patho¬ 
genic toxic, since they also occur in a measure, under the in- 
fiuence of alcohol and other stimulants or autolysis. Often 
from the very start the patient may complain of general malaise, 
a tendency to insomnia and headache. 

Then appears what may be a second st^, probably coin¬ 
ciding with the effects of continued thyroid overactivity and 
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catabolism of the ceUular fats: catabolic dilatation of tiie ays* 
temic vessels and denutrition of tiie cortical cells, viz., tliat of 
psychic deterioration. The patient, while tiring easily and dis¬ 
inclined to do physical woric, becomes increasingly apa^etic, sus- 
pidouB, particularly of the j^rsons around him. His conversa¬ 
tion, thou^ showing but little impairment of memory, lacks 
intelligence, the sentences being at times disjointed, illogical. 
The power of reasoning seems in abeyance and he is no longer 
able to grasp even simple propositions. Hallucinations, illusions 
and delusions, sometimes of persecution, may then appear. Or, 
he may be loquacious, talking incwsantly, often incoherently, 
and berame noisy and destructive, or lapse perhaps into mutism, 
refusing to answer all questions. 

Then follow the steady enfeeblement of all faculties, with 
all its distr^ng phenomena, many of which rendw the patient 
an object of repulsion to all who approach-him. Steadily the 
cerebral cells have been destroyed until all hope of recovery is 
futile. 

The number of complete recoveries in New York State 
Asylums, as given by H. M. Pollock" during 1916 was 21 .in 
21,070. This tells thq story of what is to be expected when the 
case is allowed to go far enough to impose commitment to an 
asylum. And this is what the newer views concerning the source 
of dmentia prsecox and its treatment may enable us all to pre¬ 
vent, provided the family physician will familiarize himself with 
the earlier signs of the disease and institute active treatment 
before permanent cerebral lesions have had time to occur. 

What some of these consist in we have already seen. The 
object is to seek and remove any source of toxeemia which may 
awaken inordinate activity of the thyroid gland. In some cases, 
in many perhaps, the source of the poison may* be in the intes¬ 
tinal canal, and irrigation with saline solution of the toxic field 
through an appendicostomy or a cecostomy in the absence of 
the appendix, may be necessary. In milder cases, active purga¬ 
tion ATid a non-toxic diet may suffice. The stomach, particu¬ 
larly in gastroptosis, may also be the habitat of the pathogenic 
agent; frequent lavage here is indicated. In pne of my cases. 
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vaginal douchea to check a foul greeniah non-gonococcic leucor* 
rhea, was immediately followed by marked improvement. A 
cystitis, particularly of the colon bacillus type, is another source 
of toxin. Briefly, all sources which experience has now pointed 
out as factors of hyperthyroidian besides the foregoing, such as 
tonsillar abscesses, adenoids, catarrhal disorders of the nose, 
nasopharynx and sinusra must be invratigated and actively 
treated if need be. 

The results of infectious diseases should be taken into 
account It is quite possible that carriers of typhoid, diph¬ 
theria, scarlet fever, meningitis, and other pathogenic organisms, 
might he absorbing toxins from these organisms in suflicient 
quantities to sustain a toxs^ia. Cultures of the secretions of 
children who present such histories will soon reveal the presence 
of such organisms. 

Finally, the brain cells, as previously stated, obtain their 
nucleins, during the period of growth, mainly from the thymus. 
Some cases show the stigmata of thymic deficiency in the bones, 
teeth, etc., a fact observed by others. By means of thymus gland, 
nucleinates, or lecithins, we may not only benefit these special 
cases, but also those in which the stigmata do not exist, merely 
because, with the aid of judiciously selected food, these organic 
agents replace what excessive thyroid catabolism has served to 
destroy in the cortical cells. 

Additional testimony is hardly necessary to show that 
dementia prsscox belongs to tiie realm of the general practitioner. 
If he will but heed the plea, he may, through accumulated ex¬ 
perience, develop the various lines of thought cursorily reviewed, 
and soon reduce materially perhaps the army of boys and girls, 
15,000 strong, sequestrated each year in our asylums, there to 
remain till death releases them. 

PATHOLOGICAL EFFECTS OF OVERACTIVB INTERNAL 
SECRETIONS. 

The disease just considered, dementia prsecox, but supple¬ 
ments Graves’s disease or hyperthyroidia in demonstrating ^at 
an internal secretion, when from one cause or another it becomes 
unduly active, may initiate and perpetuate serious morbid proc- 
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esses. Many lives could be saved if this fact were duly 
recognized. 

Diseases in which the predominating lesions are ascribed 
to the direct effects of bacteria on the tissues are numerous. The 
valvular vegetations of endocarditis and various spinal lesions 
followed by paralysis might be cited as examples. Are we sure 
that bacterial toxins and endotoxins as taught in text-books of 
practice are capable of injuring the tissues sufficiently to 
destroy them? The literature of the subject affords very little 
light on this question; various bacteria produce hemolysins, 
i.e., substances which lake red corpuscles, and toxins which 
destroy leucocytes; but is this due to a direct dissolving power 
when toxin and cell unite, or is it due to the presence of other 
substances in the cell or the components of the cell itself? The 
supposed destructive action of bacteria, their toxins, etc., can 
more clearly be explained by a process in which certain internal 
secretions take part. The importance of such a pathogenesis lies 
in the fact tliat with a direct action of bacterial toxins on the 
tissues as viewpoint, our therapeutic resources are extremely 
limited, whereas if we can establish on a firm basis, a destructive 
process due to secretions whose action we can in a measure con¬ 
trol, it will become possible for us to increase vastly our useful¬ 
ness by arresting in time a frequent cause of death in many dis¬ 
eases and the destructive process which ends in the many forms 
of paralysis which now defeat our remedial efforts. 

We have seen that three secretions play the main rdle in 
the autolytic proems; 1, that of the thyroid and paratliyroids 
which acts as opsonin to sensitize bacteria, their toxins, tissue 
wastes, fats, etc., to facilitate their catabolism or diction in 
the phagocytes and blood; 2, that of the adrenals which en¬ 
dows the hemoglobin with the power to become converted into 
oxyhemoglobin and to sustain oxygenation and metabolism, and 
3, the trypsic ferment of pancreatic origin which, under the in¬ 
fluence of a rise in temperature due to increased oxygenation 
flnds its digestive or proteolytic activity enhanced. Important 
in this connection is the now recognized fact that all ceUs con¬ 
tain such an enzyme, supplied to them through the intermediary 
of leucocytes, and also that both in the phagocytes and in the 
blood, it is this same digestive enzymes whidi break down bac- 
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teria and other harmful BubstancM. Abderhalden has referred 
to them aa “defenBive fermentB.** When any of thew patho¬ 
genic BubBtanceB appear in the blood the production of "defeneive 
ferments" is inereBsed and that of the thyroparathyroid and 
adrenal honnones* likewise—^to comtitute what I have termed 
autoutitoxin. 

Under normal conditions of infection or' intoxication a 
physiological increase of autoantitoxin occurs and the increased 
oxygenation and metabolism attending causes the phenomenon 
we term "fever’* and which up to 104* P. or thereabout, may be 
said to act within safe limite as a defensive process. Yet we 
know that the familiar term hyperthermia betokens danger and 
that death threatens in a large proportion of cases. What hap¬ 
pens under these conditions? From my viewpoint we are dealing 
with an infection or toxemia sufBciently severe to provoke a 
correspondingly active defensive reaction, the high temperature 
denoting the need of activating the digestive activity of the 
defensive ferment to its uttermost possibilities. Violence thus 
meets violence in the fray for supremacy. . In the present con- 
nection, however, it should be borne in mind that the blood and 
tissue cells not only serve as battle field but also that they 
contain the tiypsic enzyme. In view of this, the tissue and 
blood cells are themselves treated as if they were bacteria, they 
are digested, broken down or hydrolyzed by the ferment. This 
constitutes from my viewpoint what has been termed autolysis 
with destruction of the blood-cdls, hemolysis, as initial step. 

As to the nature of the autolytic process itself, I may recall 
that the thyroparathyroid secretion, acting as opsonin, sensi¬ 
tizes and softens the tissues as it dora the germ or other sub¬ 
stances it is to attack. The adrenal secretion, by oxidizing 
Mtalytically the nuclein of the tissue cells, raises their tmnpera* 
ture. It is here that the autoantitoxin ferments acquire their 
hemdytic and autolytic power, as a result of this excessive tem¬ 
perature. Sensitized and softened by the thjrroid hormone and 
the ferment th^ contain raised to its highest digestive efficiency 
the cells are partly or wholly destroyed. 

We reviewed in the first chapto a number of disorders In 
which this, morbid prooesd prevailed. These will now be ampli¬ 
fied and other disorders in which it prevails briefly described. 
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tTwart .— The valvular leaions of endocarditis are now 
attributed to the direct action of pathogenic inicnH)rganisinB, 
but the irritant through whicdi the germ is supposed to produce 
the histologioil changes witnessed has never been identified. 
The problem become still more obscure when the variety of 
diseases which can awaken endocarditis is taken into account, 
tonsillitis, scarlet fever, small-pox, pneumonia, tuberculosis, 
gonorrhea, meningitis, severe chorea, suppurative processes, etc., 
thus implicating the staphylococcus pyogenes aureus, the diplo- 
coeeus pneumoriise, the streptococcus pyogenes, the gonococcus 
and many other oi^;anisms—all supposedly doing their evil work 
merely iiirough contact, aided perhaps by the friction of the 
blood stream. But the weakness of this explanation is self 
evident, and it will rmnain so until a factor common to all these 
diseases and pathogenic germs is found. 

We have this factor, as previously shown, in the' defensive 
ferments. The lesions coincide not with any special bacillus, 
but with those morbid processes in which the fever is high. The 
blood containing the ferments is especially active when it re¬ 
turns from the lungs to be thrust into the circulation by the 
left ventricle. It happens also that it is precisdy the left heart 
which suffers most, while the vegetations are situated on that 
surface of the valves which is in contact with the blood. Briefly, 
we are not d ealin g at all with a direct action of micro-organ¬ 
isms, but with an autolysis or digestive process in which the 
autoantitoxin ferments attack the valves, the chordss tendina 
and other exposed tissue which are the seat of vegetations. 

Acute myooairdUis is suggratively caused by the same class 
of diseases: Those infections mainly in which a high febrile 
process occurs: scarlet fever, variola, pneumonia, articular 
rheumatism including its causative tonsillitis, meningitis, 
gonorrhea, sepsis, etc., with the same multiplicity of bacteria 
as causative agents. As shown by Freund, precisely as is Ihe 
case with endocarditis, circumscribe myocarditis is commonly a 
result of articular Aeumaftsm. As in endocarditis, robust young 
adults of the wiftlft sex li^ow a predilection for the disease as 
compared with females and weaklings. Here practically no 
attempt is made to explain the production of the lesions. 
De Vecchi found that the sterile blood of rheumatic patients 
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gave rise to characteristic lesions in animals. As shown by W. H. 
Porter, moreover, the changes are not inflammatory, but vari¬ 
ous phases of a degenerative process, the degree of parenchy¬ 
matous changes varying greatly in different cases. We are not 
dealing here with tissues traversed by a great mass of blood 
as is tiiat which the left ventricle projects over the mitral valves, 
but witii arterial blood also fr«ih from the lungs, rich in auto- 
wtitoxin ferments—quite as capable, therefore, to produce 
autolysis of the myocardium and the whole gamut of degenera¬ 
tive changes resulting therefrom. 

Lcnqs .—Pleurisy is another disease attributed, in all its 
various forms, plastic, seroflbrinous, purulent, etc., to the direct 
action of various pathogenic organisms. Here again we nieet, 
besides the germs most frequently associated with the disease 
owing to proximity, the tubercle bacillus and the pneumonia 
diplococcus, pathogenic organisms encountered in inflammatory 
heart disorders, viz., the streptococcus pyogenes, the gonococcus, 
the typhoid bacillus, etc., all of which may awaken a sharp 
febrile reaction. Tuberculosis, gout and acute articular rheu¬ 
matism, and pneumonia are its most frequent causative dis¬ 
orders, as they are of pericarditis which not infrequently occurs 
simultaneously—by extension tlirough the lymphatics it is be¬ 
lieved. In this disease several conditions may act as causal fac¬ 
tors in which bacteria play a very secondary or no rdle. 
Pleurisy may develop, for instance, as a complication of Bright's 
disease, a condition in which accumulated excrementitious prod¬ 
ucts which awaken a violent antitoxic reaction, must be incrim¬ 
inated. Chronic alcoholism is another condition in which a 
powerful defensive reaction accompanied by active oxidation of 
the alcohol, occurs for a time. Cancer must be regarded as an 
example of a disease capable of awakening sometimes, with ex¬ 
treme suddenness, an acute pleurisy, the widespread lesions of 
which present all the characteristics of an autolysis, the sero¬ 
fibrinous exudate being in reality the first step of the reparative 
process, just as it is in a burn of the second degree—all due to an 
excessive local defensive reaction with the defensive ferments as 
pathogenic agents. 

Ltveb. —We have just seen that chronic alcoholism pre¬ 
disposes to pleurisy. It is generally held, bowev^, .that dco- 
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liolism, by weakening the body, impairs its defensive resources 
and thereby favors the pullulation of bacteria and the develop¬ 
ment of disease. Still, as already stated^ even where, as in the 
endocardium, the bacteria may be clearly discerned at the site 
of the lesions, there is no ground for the belief that they act 
directly upon the tissues. This does not mean, however, that 
they may not be the indirect causes; indeed, besides the fact that 
the blood contains an excess of defensive ferments, the presence 
of the bacteria over or in a given tissue provokes an accumula¬ 
tion of the protective substance to destroy the germs, precisely 
as occurs at the site of an injury. The aggregate of ferments 
thus formed being inordinately active, the bacteria are not alone 
attacked, but thel tissues over which or in which they occur, 
likewise. 

Atrophic or alcoholic cirrhosis, the most common form, is 
also produced, from my viewpoint^ by a process such as that 
just described. As is well known, the fibrosis begins about the 
terminals of the portal vein where the alcohol, but slightly 
altered, first penetrates from the alimentary canal. Here it Is 
actively oxidized, a process which occurs without injury if the 
quantity ingested is not excessive. But when, as in alcoholics, 
alcohol in quantities is absorbed, the often repeated local oxida¬ 
tion brings on local irritation, in turn followed by a defensive 
reaction which causes a local accumulation of defensive fer¬ 
ments proceeding from tlie portal terminals to the parenchyma 
of the hepatic cells. These along with the vascular tissues, 
undergo the characteristic degenerative changes, fatty in some 
and fibrous in others, more or less irregular at first, but finally 
invading the whole organ. Highly spiced foods consumed in 
large quantities, as in India, awaken the disease in the same way. 
Various poisonous materials, bacteria of various kinds, may also 
produce it. The pancreas which, as we will see, is essenti^y an 
organ in which autolysis is very active, is also involved in the 
morbid process, being likewise the seat of cirrhosis, as observed 
by Klippel and Lefas, lyAmato, Lando and others. 

Acute yellow atrophy or malignant jaundice is the result of ■ 
a rapid destruction of the liver cells, probably of an in¬ 
fectious nature, the causative organism of which has not as yet 
been discerned. There is an actual necrosis j the blood dements 
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and'the free jRgment denote a rapid hemolyBis, with cryatale of 
bilirobin, choleeterin plates, fat droplets and granular ddbris 
strewn thronghont the necrosed tissnes. The picture at a cer^ 
tain stage reminds one of the effects of a cyclone. The blood at 
large ^ows hemolysis, while the heart, Iddneys and other organs 
are the seat of fatty degeneration. Here we can hardly ascribe 
the destructiTe process to the chemical products, toxins or endo¬ 
toxins of the hypothetical pathogenic organism, or to those of 
typhoid fever, syphilis, septicmnia, puerperal fever, etc., which 
occasionally provoke it^ for it may also occur as a result of 
phosphorus poisoning, chloroform anaesthesia; alcoholism, and 
other non-bacillary factors. In the light of the rdle ascribed to 
the defensive ferment in the other diseases reviewed, we are 
brouf^t again to comider the likelihood of a destructive process 
due to an excessive local reaction of a defensive kind, an auto¬ 
lysis in the true sense of the word—a melting of tissue by its 
own juices, as it were, with ferments as active agents. 

Pakcreas. — ^A. trite example of the melting process by the 
ferments is acute pancreatitis. When due to specific fevers, 
pyemia, septicemia and other conditions attended by a sharp 
febrile reaction, this disease is as fatal as its pathogenesis is 
obscure. The pancreatic lesions as Opie and Mesldns have held, 
are primarily necrotic. Here again, bacteria are found in great 
numbers precisely where the areas of coagulation necrosis occur. 
As in the liver'in acute yellow atrophy, there is a mass of 
detritus containing blood corpuscles, and often vast hsemorrhagic 
foci and pus if ihe suppurative stage has been readied. Dis¬ 
seminated fat necrosis and areas of a substance resembling tal¬ 
low or wax are found whjch recall similar conditions in other 
organs. This disease has been ascribed by Coenen to autolysis 
by the pancreatic secretion activated by bacteria; this is very 
nearly the process to which I would ascribe the lesions. 
F.l iTniTiii.t.iTig again the supposititious bacterial poisons we can 
today assert ^t botii the adrenal and thyroid secretions occur 
in the blood-stream and that the pancreas receives its share. 

^ With its own secretions, particularly trypsin, the organ supplies 
the remaining and most active member of the digestive triad. 
Chiari has observed that the pancreas was often the seat of post¬ 
mortem digestion—a mere continuation from my viewpoint of 
what had occurred during life. 
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Intestine. —typhoid fwwr the lesions that occur in 
Peyer’s patches or lym|^ j^an^ etc., of the intestines, are also 
aecribed to a direct action of the Eberth bacillus tTphosus. 
Here, owing to the superficial location of the morbid process, its 
details, from the indpiency of the defensive reaction in the 
follicles to their destruction, may be accurately followed. In¬ 
tense hyperemia, a great outpouring of lymjfii rich in phago¬ 
cytes^ accompanied by an equally great infiltration of the adjar 
cent mucosa and muscularis first appear. Then occurs, in most 
cases, the formation of areas of necrosis beginning in minute 
points, attributed to vascular obstruction as well as to the bacil¬ 
lus—process which finally gives rise to what has been termed 
“anaemic necrosis,” but which to me is the first indication of the 
digestive action of the intestinal autoantitoxin ferments. As 
the necrotic process proceeds from the surface of the patch in¬ 
ward, sloughs axe detached and cast off, and the typhoid ulcer is 
formed. Then may occur tiie complications of &e ulcerative 
process—liaemorrhages due to erosion of perforation, peritonitis, 
etc., unless resolution precedes them. Belapse is clearly due to 
recurrence of the process in areas which the first process, owing 
probably to a local paucity of pathogenic bacteria, had failed to 
affect seriously. Many autopsies have clearly established this 
fact Briefiy, the lan^arks of a digestive process by the auto- 
antitoxin ferments seem to me clearly defined in typhoid fever. 

Xeuvous System. —^Were I to enumerate all the nervous 
disorders in which, autolyais due to autoantitoxin ferments may 
prevail from my viewpoint, practically the entire series of those 
in which paralysis occurs as a result of infection or intoxica¬ 
tion would have to be included. To understand how such a 
process could occur at all, however, involves the acceptance of 
views which I'advanced in 1903 (see page 518, this volume), and 
which are beginning also^ to gain ground, viz., that neurons are 
themselves circulatory organs in the sense that the adrenal 
oxidizing ferment, adrenoxidase, circulates in tiie axis cylinden, 
while the surrounding white substance of Schwann contains 
phosphorus-laden constituents which with the adrenoxidase 
liberate nervous energy. That the thyroid hormone and de¬ 
fensive ferments are represented in the nervous system as they 
are elsewhere in the body there can be no doubt, since a defensive 



860 DlSORDBOUa DUB TO INTERNAL BECRBTION8. 

reaction occurs when pathogenic bacteria penetrate ii What 
follows is not difficult to imagine. 

The Treponema pallidum, for instance, stands out promi¬ 
nently as a cause of numerous neuroses, including tabes, as do 
other bacteria we have met elsewhere as causes of autolysis. In 
acute mydUis we have a reproduction of the morbid phenomena 
they cause; here syphilis, alcoholism, infectious fevers, pyogenic 
organisms, etc., may provoke softening and even caviti^ in the 
cord, fatty change, with quantities of cellular detritus and fibro¬ 
sis to clojse the gaps with, more or* less sudden or general paral¬ 
ysis as result TabK dorsalis illustrates the slow type of spinal 
autolysis of the spinal roots invaded by the specific, organism of 
syphilis or any other, and which the defensive autoantitoxin fer¬ 
ments concentrated there are trying to destroy. Gradually as 
tlie tissues yield to the morbid process, tlie train of symptoms 
appears, the preataxic stage denoting the irritative effects of the 
local defensive reaction and the ataxic stage that in which while 
destroying tlie causative bacteria, the autoantitoxin ferments 
have gradually destroyed the spinal tissues, fibrosis completing 
the obliteration of spinal functions and with paralysis as end 
result. 

These few examples besides those submitted in the first 
chapter, must suffice to illustrate my meaning. They might be 
extended indefinitely almost, particularly in the nervous sys¬ 
tem, that great field, so faithfully studied, in which therapeutics 
has proved so sterile. Perhaps the most important suggestion 
this line of thought offers us is that remedial measures have 
failed because they were not timely. They suggest a new atti¬ 
tude in the treatment of all diseases due to infection or intoxi¬ 
cation, that of seeking measures calculated to anticipate lesions 
which a bacillus or a toxic can awaJcen by provoking too active 
a defensive reaction. We must learn to check more efficiently 
an infection or an. intoxication in its incipiency; we must learn, 
if they have reached beyond this stage, to prevent their morbid 
effects. 

The first desideratum of course is to give more attention to 
the early signs of disease; true, many infections in their in¬ 
cipiency afford very little clue as to tl eir true nature—sufficient 
at least to warrant any soH of specific medication. We must 
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therefore resort to a measure which in practically any infection 
will suddenly awaken a defensive reaction sufficient to strike 
promptly the pathogenic organism or organisms that may be 
present. Our elders arrested infectious diseases far more fre¬ 
quently by means of their calomel powders than is done now¬ 
adays; tiiey certainly did better than many of our modem grad¬ 
uates who give the pathogenic organisms full sway while the 
laboratory is being taxed for a diagnosis which oftm comes too 
late. Calomel is not only bactericidal in the entire alimentary 
tract, but from my viewpoint, it excites to sudden activity when 
given in small doses frequently repeated, all our autoprotective 
resources—sufficiently so in some instances to destroy the entire 
crop of patliogenic germs. Vaemne therapy has open^ a vast 
field in this direction; doubtless that tlie early use of appropriate 
vaccines would save many lives. 

In fully developed febrile cases, the particular complication 
to which the disease present may give rise, endocarditis, acute 
rheumatism, acute pancreatitis in small-pox, etc., should always 
be borne in mind as possibilities and due precautions taken when 
the temperature exceeds 104° F. materially. A feature of im¬ 
portance in the action of ferments is that their autolytic activity 
is raised up to certain limits by the surrounding temperature and 
that it is when hyperthermia begins that we must fear hemol- 
vsisy then tissue autolysis. The use of the ice-bag over the 
threatened organ, the heart, the pancreas, the liver, the spinal 
cord, etc., is doubtless beneficial, because it lowers the tempera¬ 
ture, and thereby the aggressiveness of the ferment Oool baths 
probably owe to this action their beneficial effects in typhoid 
fever. Hydrotherapy offers many^ resources in this connection. 
As to drugs, antipyretics are fictitiouB agents; they depress the 
surface temperature only in most instances, without affecting the 
deeper organs. Ample evidence is available in fact to show that 
they are positively harmful. 

Probably the most active agent at our disposal in this con¬ 
nection is ^ine solution. By preventing any abnormal vis¬ 
cidity of the blood and facilitating osmosis, it favors the passage 
of toxin-laden plasma, toxic wastes, detritus, etc., into the 
lymphatics, and promotes dimination of their end products by 
the kidneys. The blood is thus relieved of at least a part of the 
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pathogenic aubstance it contains. Using the expression of Sahli, 
we obtain lavage of the whole organism which is thus relieved 
of toxins. This reduces in proportion the volume of autoanti* 
toxin ferments needed to defend the tissues exposed and we can 
surmise that cellular autolyw is thus more or less prevented.. 

We have as more tangible evidence, however, the clinical 
results observed and in earlier convalescence. Lenhartz, HSber- 
lin, Todd and others have reported good results; Louis L6pine, 
J. Madison Taylor and others have ascertained their Ufensaving 
value in children; Lupine lays stress on the low mortality fol¬ 
lowing the use of sterile saiine solution in infectious diseases of 
infants. As 1 have urged before, it is not late, as a last resort, 
that it should be used, but early, so as to avoid any accumula¬ 
tion of toxins in the blood and its dire consequences. Nor is it 
necessary to flood the vascular system with it In small chil¬ 
dren four ounces daily in two doses per rectum is all that is 
needed. Half saline solution and half milh, forming a pleasant 
drink, a glassful being taken four times daily, is quite enough 
for an adult The subcutaneous use need seldom be resorted to 
if the oral or rectal method is begun early; but even here large 
quantities are not necessary. 

FAILURE OF THE ADRENALS AS CAUSE OF DISEASE. 

Addison’s disease affords a clear example of deaih due to 
gradual failure of the adrenals through disease of these organs. 
We have also seen that various infections, overexertion, etc., may 
likewise exhaust these organs. In the present section two addi¬ 
tional forms are described. In the one, influenza, interpreted 
from my viewpoint, is shown to be due to destruction by the 
speciflc bacillus, of the adrenal principle in the pulmonary 
alveoli; in the other, adrenal apoplexy, the adrenals themselves 
are Aown to be the seat of local hsemorrhages which may cause 
death. 

/n/fttSfisa.—Although conrarvative estimates have placed the 
mortality of the 1918 pandemic at ten millions. Dr. A. J. 
McLaughlin, Assistant Surg^n General of the U. S. Public 
Health Service, wrote as recently as July, 1920,** in a compre- 
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hensive study of the subject: "It seems wise to review such 
facts and observatious as we possess in the hope Hiat an expose 
of our utter hrifdeesneea may stimulate further research, and 
give us weapons with which to fight this scourge/’ The func¬ 
tions of the adrenals, interpreted from my viewpoint, seem not 
only to supply the key-note olthe morbid process itself, but also 
to explain, what no other interpretation has so far done, the 
symptomatology and pathological findings of the disease and the 
manner in which the few dru^ which have been found helpful 
cause their effects. 

Summarized, this newer interpretation is as follows: Infec¬ 
tion through the respiratory passages is generally conceded; 
Blake and Cecil’*’ having recently added conclusive testimony to 
this view. The process through which the influenza provokes 
the disease, however, has remained obscure, to such a degree in 
fact^ that doubt concerning the validity of the Pfeiffer-bacillns as 
the speciflc pathogebic agent has been frequently expressed. 
Be(%ut labors, however, notably those of Wohlbach,” lloos,** 
Duval and Harris,” have demonstrated its identity as such when 
sufficient care is taken, and suitd)le specimens and proper selec¬ 
tive culture media are utilized in its cultivation. This fact, 
however, seems only to close the door to progress in view of the 
difficulties that tha Pfeiffer bacillus had entailed ever since it has 
been isolated, in 1892. Yet it suggested that this bacillus might 
tirovoke the specific lesions in a manner still to be determined. 
A personal study in this direction then showed that when, 
despite the defenses, lymphoid and phagocytic, of the respiratory 
traef^ the organism was able to reach the pulmonary alveoli, it 
found therein all conditione required for ite growth: hsemo- 
globin, oxygen and temperature—^precisely those found necessary 
in the laboratory. This aosounted for the fact that, as observed 
by Wintemitz*’ after ninety necropsies of influmiza cases, "the 
most striking picture and one that is peculiar to this disease, is 
the hyaline necrosis involving only the terminal bronchioles and 
alveolar walls, sometimes involving only the epithelium but often 

** Blake and Oeetl: Jour. Aner. lied. Anoc., Jan. 17, IMO. 

" WoUbaek: Jour, ot Inunnnolegy, Jutr, 1>1>> 

** Rom: ItM. 

*■ Duval and Harria: Jour, of InteoUoua Dia., Nov., UlS. 

■* Wlnternlta: BMton Bed. and Surf. Jour., FA. W, UM. 
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inToIving all the Btructaiee of the walls.” This localized pri- 
miuy lesion, which other pathologists have likewise recognized, 
Bickford*' for instance, accounts for both the mild cases, an epi¬ 
thelial abrasion, and the more severa with their haemorrhages, 
bronchiolar abscesses, and alveolar exndatee, obliterating bron¬ 
chiolites, etc., and favoring complicating pnenmoni^ bronch(;^ 
pneumonia, etc., according to the multiplicify of other or^nisms 
present 

The participation of the adrenals appears when the 
symptomatology of the disease is analyzed in the light of the 
respiratory function I have attributed to these oi^ns. It ex¬ 
plains peculiar characteristics which no interpretation so far 
published has done. Interference with the alveolar functions 
explains the dyspnea and profound cyanosis of severe cases, but 
as many diseases interfere with respiratioii without causing such 
cyanosi^ there must be some specific cause for it. I^is cause 
appears when it is recalled that hsemoglobin or blood can be 
dispensed with to obtain cultures of the B. influenzse and, as 
shown by Contam, spermatic fluid used instead. Now, this fluid 
has been shown by Poehl to contain the catalytic or oxidizing 
ferment also found in adrenin. In other words, it is the 
adretuil active principle itself which is taken up by the B. in¬ 
fluenzse which enables tlie haemoglobin to become converted into 
oxyhsemoglobin. The whole sympathetic or chromafiin system 
including the adrenals, thus finds itself more or less depleted, 
leading often to a cyanosis so profound as te give the whole body 
a bluish-black or plum hue. As regards the adrenals proper, 
Baleno refers to a post-influenzal Addison’s disease; Judson 
Daland’* urges the close resemblance to the Addisonian syn¬ 
drome, and found in all necropsies,- tliirty-seven “marked disease 
of the adrenals.” He refers to an equal number of. cases 
autopsied by Major 0. L. Bothier at Camp Lee, who also found 
that “with the exception of the lungs no other intemd organ 
suffered as much as did the adrenals.” 

Early relaxation of the peripheral arteriolw, through loss 
of the adrenal principle, causes these vessels to permit flooding 

•‘RleUord: Thai. M«d. Soe. State ot Penna.; Joar. Amw. Mel. Aeaoo., 
Nov. 1, in*. 

"Daland; Mtd. Record, Jan. SI, 19S0. 
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of the superficial capilloriM with arterial blood thus causing the 
typical “cut sympathetic’* carmine red congestion of the naso- 
})l laryngeal and oral caTities, and also the conjunctiTal conges¬ 
tion and other familiar signs of catarrhal congestion. This H eme 
arterial congestion occurring in the skin provokes a superficial 
rise of temperature, thus causing the pseudo-fever which fails to 
correspond with the pulse. In some cases, this relaxation in- 
vokets the entire vascular tree, and tlie blood receding to the 
splanchnic area causing a condition opposite to that of fever; as 
observed by Samuel West, of St. Bartholomew’s, such patients 
“complaihed of feeling so cold and chilly that nothing would 
warm them—^not a roasting fire by day nor blanketa galore and 
hot water bottles by night.” Metabolism being inhibited by 
deficient oxygenation, the leucoi^togenic tissue fail to create 
new cells and leucopenia occurs; a similar condition impairing 
the formation of protective antibodies, any predisposed area, 
intestinal, meningeal, aural, etc., becomes the prey of local 
specific bacteria, B. coli, meningococci, the streptococci, pneumo¬ 
cocci, etc., that may be present. Uence the many local forms of 
the disease even though, as observed by Cerdeiras in seventy-nine 
autopsies, the pulmonary lesions, mild or severe, are invariably 
present, causing him to conclude that “infiuenza is pre¬ 
eminently a disease of the respiratory tract.” The presence of 
methemoglobin also finds its normal explanation in the present 
connection, the persistent reduction of the unoxygenated haemo¬ 
globin by . the tissues. This applies likewise to the somnolence 
suggesting the “sleeping sickness” so-called, obviously due to the 
cyanosis which also affects the brain. 

Among other riddles solved by this interpretation, is the 
familiar fact that young men between tweniy and thirty years 
arc the preferred victims. The defensive r6le of the respiratory 
passages being recalled, this phenomenon is explained when we 
lake into account the greater respiratory activity of these young 
men, which causes the air contaminated with the Pfeiffer bacillus 
111 reach the alveoli rapidly, t.s., before sterilization of the air 
< in have been completed. Again, we know that leaving the sick 
l>cd too soon is often followed by another and often more serious 
a Hack of the disease. With numerous alveoli the seat of active 
ii'lonira, perfect* quiet in bed, by insurin£| slow respiration, 

a 
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enables the expired air to be sterilized, while if the patient 
arises too soon, the increased respiratory activity prevents this 
protective process; the inspired current then carries active 
genns back to many previously unharmed alveoli—a true auto¬ 
infection. 

That absolute rest has been found imperative is accounted 
for by the explanation of its mechanism. '^The value of the 
salicylates is also affirmed since by causing constriction of the 
arterioles, they restore the circulatory equilibrium. The best 
salt is the sodium salicylate which tends also to reduce acidosis. 
The use of adrenalin intramuscularly has been extolled by 
many French authorities. Stryclmine in large doses is then 
indicated after a couple of weeks to stimulate the adrenals dur¬ 
ing convalescence, their insufficiency accounting for the familiar 
asthenia which follows the disease. If adrenalin has not been 
used suprarenal gland 2 grains should be given with each dose. 

Adrenal Apoplexy.—k child—frequently an infant—pre¬ 
viously well, or suffering perhaps from some infection, is sud¬ 
denly seized with acute abdominal pain and vomiting, soon 
followed by a rise of temperature, collapse and death. Occasion¬ 
ally the fatal ending is somewhat delayed; hematemesis, diar¬ 
rhoea and convulsions appear in rapid succession, soon followed 
by symptoms clearly traceable to the adrenals, to wit: sudden 
collapse, hypothermia, a very feeble and rapid pulse, shallow 
respiration, cyanosis, lividity and death. That we are dealing 
with, a relatively common morbid process—seldom referred to in 
text-books—is shown by tlie fact that Mattie, Bollraton and 
Le Conte in an aggregate of 230 autopsies in the newborn found 
adrenal haemorrhage in over 100 instances, or in 45 per cent 
Hamill also considers adrenal haemorrhage very common in ^e 
infant though the lesion is sometimes microscopic rather than 
macroscopic. 

In adults, adrenal haemorrhage is met with in 1 per cent, of 
all autopsies. When fatal in itself, the attack is also sudden, 
or preceded by a period of great lassitude, or, even, by a typhoid¬ 
like state with' delirium and convulsions, with perhaps pigmen¬ 
tation varying from dirty yellow to light brown. I^en follow 
in rapid succession very seivere pain in the epigastrium and lum¬ 
bar tenderness, incoercible vomiting, great weakness df the pulse, 
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decline of the temperature and blood-pressure, cold sweats, cold¬ 
ness of the extremities and death in from a few hours to three 
(lays. 

The established—that is to. say, the generally recognized— 
features of this condition, are that a toxaemia or infection of 
sqjM sort imderlies it and that haemorrhagic destruction of the 
adrenals is the cause of death. The direct cause of this in most 
cases, is the maiiced rise of blood-pressure which occurs early in 
infections, especially in septicaemia and erysipelas, tuberculosis, 
its most frequent cause in adults, on the one hand, and the 
great vascularity and friability of adrenal tissues on the other. 
In some instances the ^tire adrenal parenchyma is found 
destroyed, the medulla being converted into a pulpy mass. 

Here again, we meet a condition in which a clear conception 
of the functions ascribed to the adrenals affords resources for a 
possible reduction of mortality. The aim here, and this applies 
to the entire field of febrile dieses, is to prevent adrenal 
haemorrhage, for once the adrenals destroyed and the stage of 
collapse reached, there is little to be done. When early in tlie 
course of any febrile process, therefore, the fever reaches dis¬ 
quieting limits, and the hhod -pressure is high, especially if 
there is epistaxis, hematemesis, .or melena, or if there are 
petechiffi as in typhoid, spots of purpura, or of extravasations of 
blood as in various infectious diseases, or again, if the face be¬ 
comes congested and swarthy as it does early in most cases of 
pneumonia, there looms up, among other dangers, tliat of ad- 
lenil heemorrhage, through excessive centrifugal pressure within 
the delicate sinusoidal vessels of the medulla, with practically 
certain death as result. 

How are we to avoid this calamity? Should we use anti¬ 
pyretics, the coal-tar products, for instance? Experience has 
shown that they are extremely pernicious—doubtless owing to 
their primary effect, which is to raise the blood-pressure. But 
experience has also shown that the physiologic saline solution, 
used intravenously in emergency cases, under the skin in 
threatening cases, and per rectum in all other cases, wards off 
the danger. If employed from the onset of tlie disease, even the 
npproach of danger is prevented. This is especially marked in 
pneumonia, in which exMssive blood-pressure entails also pul- 
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luonary engorgement—sufficiently intense, frequently, to cause 
death early in the course of the disease. Saline solution does 
not, as argued by some, increase the vascular tension even if 
injected intravenously; it increases at once the osmotic proper¬ 
ties of the blood and as shown by the experiments of Sollmann, 
Briggs and others, any excess of fluid leaves the vessels at once. 
But, by diluting the blood, the adrenal principle it contains is 
reduced in proportion, and the dangerous general vasoconstric¬ 
tion induced by it is counteracted, thus relieving the adrenals 
of all disruptive pressure. The bactericidal and antitoxic prop¬ 
erties of the blood are not reduced in the least by this procedure; 
there is ample evidence available to show, in fact, that they are 
enhanced. 



CHAPTER VIII. 


THE ADRENAL SECRETION AND FUNCTIONAL 

ACTIVITY. 

In the first six editions I analyzed at length (1) the process 
through which the adrenal secretion (converted in the lungs 
into adrenoxidase, the oxidizing constituent of oxyhsemoglobin) 
carried on, from my viewpoint^ its functions in various organs, 
and (2) the manner in which the nervous system governed its 
distribution. Briefiy, I submitted tiie view ^at in thei skeletal 
muscles and the lachrymal, salivary, sweat and mammary glands 
as examples of other organs, the adrenoxidase was the physico¬ 
chemical agent through which cellular metabolism was sustained 
by oxidation, and that there were two phases to this process: 
the passive, during which the organ was inactive owing to the 
reduced quantity of adrenoxidase supplied to the tissue-cells by 
the artificial blood; and the active, during which a more or less 
great increase of adrenoxidase reached these cells in a cor¬ 
respondingly greater volume of arterial blood, initiated and sus¬ 
tained functional activity in that same organ. 

As to the manner in which the distribution of adrenoxidase 
was carried on, I submitted the evidence which had led to the 
conclusion that two kinds of nerves took part in the process: 1, 
motor or secreto-motor fibers supplied by one of the cranial 
nerves (the pneumogastric, facial, etc.), the terminals of which 
caused the arterioles to the organs to dilate and to admit an 
excess of the oxidizing substance of the blood, adrenoxidase, into 
tlieir cdlular elmnents, thus initiating active function, e.g., 
contraction, secretion, etc.; 2, constrictor fibers, supplied by the 
i^ympathetic, which caused the previously dilated arterioles to 
contraei^ when this active function Was to cease, thus diminish¬ 
ing the supply of adrenoxidase to the organ. This subject 
I'cing considered at length in the second volume with explana¬ 
tory illustrations, the reader is referred to that volume, pages 
1115 and 1186. 


( 869 ) 
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The same method of nervous control was shown to prevail 
in the stomacb—digestion being initiated by dilation of its 
arterioles through the pneumogastric and arrested by the 
sympathetic—and also in the intestines. These organs were 
shown, however, to initiate a defensive process against toxir 
proteins, bacteria and their toxins, etc., by means of their secre¬ 
tions and also through phagocytes supplied by ihe agminated 
follicles. The caecum was included in this defensive mechanism, 
the vermiform appendix aiding it by supplying phagocytes and 
a secretion rich in bactericidal and antitoxic antibodies. This 
whole subject is also considered in the second volume (four¬ 
teenth chapter), to which the reader is referred. 

The same functional features in respect to the liver and 
pancreas were analyzed in the first nine editions. It was then 
submitted as working postulates that: 

1. The hepatic artery, owing to the oxidizing substance 
(adrenoxidase) that its plasma contains and the mode of dis¬ 
tribution of its terminal capillaries, supplies the biochemic energy 
whidi initi fttfis and sustains all reactions in the hepatic lobule 
that require oxygen. 

2. The nervous supply of the liver is composed, first, of 
terminal subdivisions of the vagus, which enhance the activity 
of all its functions by causing dilation -of the hepatic arteri¬ 
oles; and, second, of terminal subdivisions of the sympathetic, 
whi^, by causing constriction of these arterioles, reduce the 
functional activity of the organ. 

3. In the normal subject the liver is anatomically isolated 
from structures that come into contact with bacteria, and pro¬ 
tected against their intrusion by the bactericidal products of the 
intestinal glands and follicles. 

4. The capillaries of the hepatic lobules, owing to the ad¬ 
mixture therein of the hepatic artery’s oxidizing substance 
(adrenoxidase) with the portal vein’s waste-laden blood, are the 
seat of several functions now ascribed to the hepatic cell. 

5. Blood-pigments and iron, derived from the intestine aRd 
spleen, simultaneously penetrate the hepatic lobule, and com¬ 
bine with the adrenoxidase therein to form haemoglobin. The 

pigment is eliminated with the bile as bilirubin. 
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6. Urea is the end-product of three successive reactions, 
viz., (1) nitrogenous bodies aije reduced to amides in the afferent 
veins,—^mesenteric and portal; (2) the amides are dissociated 
into ammonia, carbonic acid, and water by the oxidizing sub¬ 
stance (adrenoxidase) in the hepatic lobule; (3) urea is formed 
by synthesis in the efferent veins,—^hepatic and vena cava. 

7. The hepatic cell contains, besides its vacuoles and nuclei, 
numerous canaliculi (Schafer) and a vesicular vacuole which 
opens into the bile-capillaries by a canaliculus (Kupffer); the 
canaliculi and the vesicular incuole are probably connected. 

8. Glycocholic acid and taurocholic acid are functional acids, 
inasmuch as they dissociate and appropriate waste-products, and, 
under the influence of the oxidizing substance, convert them into 
excrementitious products in the canaliculi of the hepatic cells. 

9. The waste-products so converted by the biliary acids and 
the latter themselves, constituting bile, arc transferred, along 
with other products for which the latter may serve as vehicle,— 
bilirubin, earthy salts, etc.,—the vesicular vacuole of the cell 
and eliminated by the canaliculus that opens into the bile- 
capillaries. 

10. The biliary acids, blood-pigments, iron, and other bodies 
or any of their components, that may prove useful to the or¬ 
ganism are, entirely or in part, reabsorbed by the intestinal 
venules and returned to the portal circulation. 

11. The sugars convert^ from intestinal foodstuffs in the 
intestines are brou^t to the hepatic lobule with the portal blood, 
and penetrate the canaliculi with the latter and with the oxi¬ 
dizing substance. During the bile-forming reaction the sugars 
are dehydrated, and, probably with the assistance of the cellular 
protoplasm, converted into glycogen. 

12. The liver glycogen is converted into dextrose by an 
amylolytic ferment supplied by the pancreas as an internal 
secretion, which enters the portal circulation by the splenic vein. 

13. Dextrose is distributed to the organs in which it is 
used as a source of energy by the blood, and only becomes vul¬ 
nerable to oxidation when combined with products of metabo¬ 
lism furnished by those organs. 

Another phase of tlie question requires analysis, however, 
one to which very little attention has been given in recent years. 
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t. 0 ., the influence of the spleen upon pancreatic functions and 
the relations of this organ with the internal secretions. As 
will bd shown sound experimental data tend to indicate that 
the spleen is concerned with the defensive functions in which 
we have seen the pancreatic internal seoetion, or tryptic enzyme, 
takes.part—all in addition to the haematopoietic credited to it 

THE INTERNAL SECRETIONS OF THE PANCREAS 
AND SPLEEN. 

The pancreas and spleen are considered together because 
there is considerable evidence in favor of the view that they 
are functionally associated; and it is to give the analysis of 
this question and its relationship with the ferments furnished 
by the pancreas to the portal blood due prominence that we 
have, under other headings, consideired the better-known func¬ 
tions of both organs. 

To sustain our belief that liver glycogen is converted into 
dextrose by an amylolytic ferment supplied by the pancreas 
which penetrates the portal vein directly,—i.e., by way of the 
splenic vein,—we were fortunate in having at our disposal the 
experiments of Croftan, which showed that suprarenal over- 
activity could so augment the functional-activity of the fer- 
ment-produemg organ as to induce a very great increase in 
the sugar eliminated. This feature requires further study, 
since it will tend to elucidate other functions of the pancreas. 

We belieive that we have conclusively shown that certain 
drugs and poisons increase the functional activity of the ad¬ 
renals. The uniformity of the phenomena traceable to these 
glands under the influence of such agents seems to us to warrant 
the conclusion that, if we can demonstrate that glycomria is 
also subject to the latter, its fluctuations following those of 
the suprarenal activity or insufBciency induced by them, a 
direct connection between glycosuria and suprarenal, over¬ 
activity will have been shown. Yet we must brar in mind, in 
this connection, that fdl active drugs may have a primary 
action upon tissues for which they possess a specific afSnity 
before tiia suprarenal protective functions are fully awaken^. 
We have seen that even electrical stimulation of the splanch¬ 
nic is only followed by vermicular motions of the intestinal 
wall after some time elt^>sed. too mtich weighj; must 
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not be giVen this 'featare, inasinndi aa I have personally seen 
the typical symptoms of total suprarenal insufficiency occur 
in a dog within tweniy seconds after a fatal dose of hydro¬ 
cyanide of potassium had been administered. Large quantities 
of the less active drugs are more likely to reach the tissues 
for which they possess a special predilection, bromide of 
potassium, for instance, than such an agent as that pr^ 
viously mentioned. While, therefore, we cannot say that ex¬ 
cessive formation of sugar, when drugs are given, is due only 
to overstimulation of the adrenals, we can say that all drugs 
can produce it when they stimulate suprarenal activity. Fur¬ 
thermore, it seems probable that some drugs not only do this, 
but they likewise, owing to their affinity for certain tissues, 
enhance the production of sugar by increasing the functional 
activity of the intimate structures of the organs concerned in 
its production from ingested substances—thus stimulating two 
different Sets of organs simultaneously. Such an agent we 
probably have in phloridzin. 

In an able and exhaustive review of the subject of toxic 
glycosuria, P. Cartier,^ of Paris, says: *‘The symptomatology of 
phloridzin is very limited, seeing that it does not give rise to a 
true intoxication. ... In man it is even possible to bring 
on glycosuria, and maintain it a long time, without giving rise 
to general disorders, provided a copious alimentation is in¬ 
sured.” We have evidence in the last sentence that the main 
general result is an excessive formation of sugar, and, more 
carbohydrates being required, it is to an excessive production 
of the converting agent that we must ascribe this phenomenon. 
Still, if general symptoms are absent, what becomes of the 
suprarenal overactivity? Cartier answers this question when 
he says: **Yet all authors who have studied phloridzin unite 
in saying that the animal experimented upon becomra voractotis, 
and, if not overfed, rapidly wastes. . . . When alimenta¬ 
tion is insufficient^ grave phenomena appear. Phloridzinic 
glycosuria has been obtained in animals entirely deprived of 
hydrocarbons; under th^ circumstances general symptoms 
analogous to those of diabetic coma have been observed.” 


* V. Outlar: ThSM da Rarls. IW. 
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Oder* states that Frerichs recognized three groups of 
cases; two of these are of special interest to us: (a) Those 
in which after exertion the patients were suddenly attacked 
with weakness, syncope, somnolence, and gmdually deepen¬ 
ing unconsciousneas, death occurring in a few hours, (b) 
Cases with preliminary gastric disturbance, such as nausea 
}nd vomiting, or some local affection, as pharyngitis, phleg¬ 
mon, or a pulmonary complication. In su^ cases the attack 
begins with headache, delirium, great distress, and dysptuea, 
affecting both inspiration and expiration: a condition called 
by Eusamaul air-hunger. Cyanosis may or may not be present. 
If it is, the pulse becomes rapid and weak and the patient 
gradually sinks into coma, the attack lasting from one to five 
days. The need of a copious supply of carbohydrates ob¬ 
viously points to increased oxidation. Indeed, complete ab¬ 
sence of glycogen in the liver and muscles has been noted. 
The voracious appetite and rapid wasting further sustain this 
—and simultaneously, therefore, the presence of suprarenal 
overactivity. The italicized words in the list of terminal 
symptoms, on the other hand, as prominently point to the 
gradually deepening suprarenal exhaustion. 

Alluding to tiie effects of acids in the production of 
glycosuria, Cartier refers to the experiments of Pavy* with 
phosphoric acid. An increase of sugar was noted in twenty 
minute; fifteen minutes later a large quantity was present. 
In another strong, but fasting, dog the sugar was markedly 
reduced by a smaller dose. Hsemorrhagic infiltration of the 
gastric and intestinal tissues and hsematuria were also noted. 
These are all familiar landmarks of suprarenal origin. Strik¬ 
ing, in this connection, are the observations of Stadelmann,* 
who found that the production of 00^ decreased in the rabbit 
during acid intoxications as it does in diabetic coma. In a 
foot-note Cartier says: 'Toit and Fettoikofer and Gaethgens 
have peremptorily shown, by means of most precise experi¬ 
ments, that (1) the oxygen absorbed by a diabetic is much less 
than by a normal man, and that it decreases progressively until 


■ Qatar: “Practice of Medicine,*' tlilrd edition. 

■ Pew: aujr'a Hoqpital Reporta vol. of 1881. 
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the end of the diBease, when it is hardly equal to half of the 
normal quantity; (8) that the CO, exhaled is likewise reduced.” 
That this is essentially due to suprarenal insufficient^— i.e., 
reduced oxidation—^is shown by the fact that, in a ease of coma 
due to meningitis witnessed by Stadehnann, the proportion of 
CO, was 88.2 per cent.; while in diabetic coma the gradual 
decline is that observed in Minkowski’s rabbits, which, from the 
normal 85 per cent., steadily dropped to 16,8.8, then 8.9 percent. 

We have seen that tetanus was partly due to adrenal over¬ 
activity. Cartier refers to the experiments of Claude Bernard, 
which showed that strychnine produced glycosuria in dogs. *‘lt 
is unnecessary to reproduce here,” says Cartier, ^'the symp¬ 
toms of poisoning produced by this alkaloid; we will simply 
say that nothing recalls tetanus to such a high degree as does 
intoxication by it.” We have another proof that it is due to 
an excessive production of a ferment or some other agency 
possessed of converting powers since Langendorff found that 
"glycosuria only occurs in frogs when the liver contains gly¬ 
cogen. ... In the summer, when their liver contains none, 
strychnine does not cause diabetes in these animals.” 

We are reminded of the disorganization of haemoglobin 
produced by advanced suprarenal insufficiency when, referring 
to-curare glycosuria, Cartier says: "Others account for this 
glycosuria by an insufficiency of the respiration and by slowing 
of combustions. The dark coloration of curarized blood indi¬ 
cates this asphyxia.” Even the nervous distribution, os 7 
interpret it, including the basospinal connection between the 
pituitary body and tiie adrenals, finds itself sustained in a 
remarkable manner by the following lines of Cartier’s in ret- 
crence to morphine glycosuria: "An extremely interesting 
fact that all these investigations indicate is that one can 
produce with a toxic substance exactly similar. phenomena to 
those recorded by Claude Bernard in his lessons at the College 
of France, and obtained by puncture of the medulla, and that 
these toxic glycosurias can in most cases be arrested, as are 
glycosurias of nervous origin, by severing the centrifugal nerve- 
■inpulse conductors. Indeed, aection of the pneumogastric 
(centripetal nerve) does not prevent glycosuria caused either 
I'y Bernard’s puncture or by morphine; but, on the contrary. 
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section of the splanchnic nerves (centrifngal nerves) and of the 
mednlla above the origin of these nerves prevents both the 
experimental diabetes of Clande Bernard and the toxic diabetes 
caused by morphine.” 

The list of drugs that are able to produce glycosuria could 
be indefinitely prolonged: it includes all those that produce 
suprarenal overactivity. But this does not mean that the fer¬ 
ment-producing organ is alone stimulated; glycosuria is but 
one of the manifestations of the exaggerated general metabo¬ 
lism induced,. and oxidation processes are enhanced accord¬ 
ingly. Toxic glycosuria, therefore, only represents the sur¬ 
plus of sugar which oxidation processes have not consumed; 
the excess of sugar actually produced is probably far greater 
than the surplus which the urine shows. Again, certain drugs 
—^phosphorus, for instance—do not produce glycrauria to any 
marked degree; as soon as the dose capable of causing it is 
reached, the adrenals lapse into insufficiency, and, if the dose 
is pushed to any extent, even the normal ratio is reduced. 
Antipyrin is now considerably employed in diabetes; we have 
seen ^at this drug and acetanilid readily produced suprarenal 
insufficiency and dissociation of the hsemoglobin molecule. 
This is sufficiently extensive sometimes to manifest itself as 
methsemoglobinuria or even hamiatoporphyrinuria. All these 
facts seem to me to indicate that ioaic glycosuria is primarily 
due to overstimulation of the adrenal system, the excessive func¬ 
tional activity which increased omdation produces giving rise to 
an inordinate production of an agency that converts glycogen 
into sugar. All these features will again be reviewed. 

That the agency which converts glycogen into sugar u 
the amylolytic ferment produced by the pancreas to which I 
have r^erred- is further sustained by the 'foregoing facts, espe¬ 
cially in view of the amylolytic propertira of the pancreatic 
secretion in the intestine. Since the conversion into sugar 
occurs during fasting as well as during digestion under the 
effects of toxics, tha reaction can only include the hepatic 
glycogen and pancreatic ferment'; and, there being nothing in 
the intestine to convert during fasting, the ferment must nec¬ 
essarily regch the glycogen by another channel. May this not 
be the more direct route afforded by the splenic veinf 



RaULTlONBHIP BBTWBBN SPl^N AMD PANOBBAB. 867 

Yet there is a possibility that the flow of amylopsin in the 
intestine, which the enhanced activity of the pancreas muat 
undoubtedly increase, may be reabsorbed by the venules, and, 
being carried into the portal system, produce conversion of the 
glycogen precisely as if it had entered the portal vein by the 
way of the splenic vein. But we have seen that, while removal 
of the pancreas is rapidly followed by death, very large por¬ 
tions of the gland can be safely removed. Admitting that the 
operators may have left the portions related with the pan- 
cmatic duct, how could we account for the effects of trans¬ 
planted fragments in arresting the glycosuria caused by re¬ 
moval of the pancreas, recorded by Minkowrici” and H6don?” 
As long as fragments transplanted subcutaneously remained 
normal no glycosuria occurred; it reappeared, however, when 
these fragments became histologically impaired. It is evident 
that the only channel here for the amylolytic ferment produced 
could be the blood. Thus carried to the heart, it then pene¬ 
trated the liver by way of the hepatic artery, and reached the 
intercellular capillaries and the glycogen precisely as if it had 
penetrated the organ by way of the portal vein. Although but 
a small quantity of the ferment could thus rearii the liver, it 
was evidently sufficient to convert the amount of glycogen 
required to build up the very limited proportion of sugar found 
in the normal blood, as previously shown. Again, wc have 
seen that the product of intestinal reduction is maltose, while 
the urine of Croftan’s animals when stimulated with supra¬ 
renal extract gave dextrose in very great quantities: a feature 
denoting successive processes. This and the other facts ad¬ 
duced appear to me to contribute additional evidence to my 
view that the dextrose-forming ferment enters the portal system 
by way of the splenia vein. 


THE FUNCTIONAL KELATIONSHIP BETWEEN THE PANCREAS 

AND SPLEEN. 

The internal secretion of the pancreas and that of the 
i'pleen may perhaps be best studied by submitting to a care¬ 
ful analysis the hypothesis advanced by Sebiff, sustained by 


■ 
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Eenen/ and defended by L6pine* and othera that the spleen 
supplies a ferment which, when added to pancreatic juice, 
greatly increases its digestive energy. Schiff believed that the 
splenic substance flayed an important part in the genesis of 
the pancreatic proteolytic ferment, but Herzen attributed to 
it the function of converting trypsinogen into trypsin, the 
albumin-solving constituent of the pancreatic juice. This 
subject was more recently studiied experimentally by Gachet 
and Fachon,' who were led to conclude, as previously suggested 
by Laguesse (1893) and Schafer (1895), ftat the spleen fur¬ 
nishes a true internal secretion which possesses a special 
aflSnity for the pancreas, the protrypsin of which it transforms 
into trypsin, as suggested by Herzen. This substance loses its 
properties at the boiling-point; is precipitated, when in aqueous 
solution, by alcohol; and is, therefore, of the nature of a fer¬ 
ment. 

Lupine aim confirmed Scuff’s and Herzen’s view by ex¬ 
periments in vitro and by blood-analyses. He found that a 
mixture of pancreas and spleen-pulp in glycerm possessed far 
more active properties than pancreas alone similarly prepared. 
On the other hand, the blood of an animal deprived of its 
spleen proved almost inert as a tryptic, while the blood of a 
nomal dog possessed distinct digestive powers. Analysis of 
the experiments of these various authors distinctly indicates 
that some function of the kind mentioned exists. The ana¬ 
tomical relations of the organs involved, however, make it 
impossible for the internal secretion referred to to penetrate 
the circulation without first passing through the liver iviilt 
the blood of the splenic vein, which collects the pancreatic inter¬ 
nal secretion and carries it to the portal vein. This fact seems 
to suggest that, besides the amylolytic ferment, the portal 
carries a ferment to tlie liver calculated to insure the tryptic 
action upon albumins and kindred bodies. If we consider that 
we have in the blood of the portal channels all the products 
of digestion and that trypsin is **applied solely to albuminoid 


* Henwn; Berue OtaSnla Sm SetenoM punt et appl., voln USB. 
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conTeTBioDB and changes” (Charles), the importance of the 
spleen’s internal secretion will appear. 

Albuminoids, especially those ingested with food, are not 
the inoffensire bodies that they appear to be; indeed, they 
constitute the foimdation of some of the most dangerous sub* 
stances that enter the organism when their molecular structure 
undergoes certain changes. Apart from any fun^ion of the 
spleen in the direction mentioned, the pancreatic trypsin sup¬ 
plied to the intestine—^if we can judge by the manner in which 
a small remnant of pancreas \^1 prevent glycosuria—must 
persist even when the pancreas is in a state of advanced dis¬ 
ease. We saw that one-eleventh of the functional area of 
the adrenals sufficed to sustain the general oxidation processes. 
That the pancreas possesses at least four times more functional 
area than it absolutely needs has been experimentally demon¬ 
strated. With proper—afresh, rmcontaminated—^food, a nor¬ 
mal organism is practically invulnerable, so splendidly is it 
armed against any chemico-physical decomposition that the 
ingesta may undergo. But these physiological defenses may 
be weakened through general or local adynamia, i.e., lowered 
oxidation processes, and peptones, capable of yielding toxal- 
bumina, leucomainea, ptomainea,—all albuminoids,—^fail to un¬ 
dergo further splitting in the intestinal canal. Again, and 
under the same circumstances, notwithstanding the destructive 
action of the gastric and intestinal secretions, bacteria and 
their toxins may penetrate the debilitated villi and the portal 
circulation. The blood-stream, furthermore, may be invaded 
through peripheral organs not only by bacteria and their 
ioxina, but alro by vegetable poiaona and venoms: all albuminoid 
substances, as previously emphasized. Even these do not rep¬ 
resent all the sources of danger that a protective function, such 
as that represented by the pancreatic and splenic secretions, 
would have to meet, were they, as I believe, mainly intended 
to fulfill such a mission. 

If toxic albuminoids reach the portal vein by way of the 
intestinal villi and the mesenteric veins, all conditions therein 
are most advantageous for the action which trypsin is known 
to exercise upon them: It acts with great energy in alkaline 
media, and the presence of oxygen does not inhibit its action; 
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if, therefore, the voiOTia blood of the afferent channels should 
liappen to contain an nnnsnal amount of oxidizing substance 
through suprarenal overactiTitj, the tryptic disruption of pep¬ 
tones would not, to say the least, be prevented; in laboratory 
experiments the need of an antiseptic when pancreatic jui(» 
is used is well known; we have seen that, in the afferent ves- 
sels, the fluids derived from the intestmes had been saturated 
therein with the antiseptic secretion of the glands of Brunner 
and Lieberkiihn, and it is evident that their influence would 
normally continue in the venous channels; finally, the action 
of trypsin does not cease when the peptone stage is reached; 
it converts these into leucin, tyrosin, aspartic acid, etc., the 
fate of which derivatives I have traced down to urea, the 
end-product eliminated in the urine. 

The rdle played by the spleen in the pancreatic digestion 
of proteids, and to which I add a prophylactic function, has 
been so ably reviewed by H. F. Bellamy in a comparatively 
recent number of the London Lancet'^ that I will utilize the 
greater part of his paper to illustrate the various features that 
appear to me to furnish a solid foundation, not only for the 
views of Schiff and Herzen, but also for my own. 

The autiuHT reviews the history of the question as follows: 
"Corvisart found that in dogs in full digestion there was for 
s certain time a constant rise to maximum in the digestive 
power of the pancreatic juice, succeeded by an equally constant 
fall to minimum. The maximum was attained during the 
eighth hour after the ingestion of a meal; the minimum froin 
the thirteenth to the eighteenth hours. Meissner announced 
that in fasting animals &e pancreatic juice possessed little or 
no peptonizing power. Schiff, after a number of experiments 
on such animals as rats, guinea-pigs, rabbits, and young dogs 
or dogs of small breed, found that during fast the pancreas 
really possessed almost no peptonizing power; the albumin 
imprisoned in the duodenum remained there for whole hours 
wiUiout dissolving, the infusion of the gland giving results 
equally ne^tive. On the other hand, in the case of ravens 
and adult dogs of large breed the pancreas preserved during 
fast a certain digestive power, even in animals in a condition 

*B. F. Bsllan/: I«b4os Lucet, Oct 17, IMa 
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of complete fast which had digested a copious meal the day 
before; under these circumstances, indeed, the infusion of the 
whole pancreas of a large dog was capable of digesting from 
50 to 60 grammes of albumin. In such dogs this condition 
of weak digestion wks maintained until toward the fourth hour 
after the meal, after which time digestion proceeded very 
much more rapidly, so that at the time of maximum the pan¬ 
creatic infusion was capable of digesting from 50 to 60 grammes 
of albumin. As regard cats and small dogs, he was able to 
confirm the results of Corvisart. By these experiments, then, 
the above-mentioned observers succeeded in establishing the 
following two facts; (1) that the activity of the pancreatic 
juice or of an infusion of the gland is not continuous, but in¬ 
termittent, and (2) that maximal activity appears regularly 
during the culmen of gastric digestion (from six to eight hours 
after a meal), at which time it is very considerable.” 

Passing now, for the moment, from the pancreas to the 
spleen, he proceeds briefiy to exam/ne the behavior of this 
organ in relation to digestive phases. ‘‘Lauret and Lassaigne 
in 1825 discovered that the spleen began to become congested 
at the moment when the stomach discharged chyle abundantly 
into the duodenum; that this is, however, merely a coincidence 
is shown by the fact that the congestion also occurs after 
ligature of the pylorus. Dobson in 1847 discovered that in a 
dog three hours after a meal the spleen is still as small and 
as anaemic as during fast; that it commences to dilate in the 
fourth hour after a meal; that five hours after it has attained 
its Tnavimal turgescenco, decreasing afterward from the sev¬ 
enth hour to attain toward the twelfth its minimal volume. 
Landois in the same year found that in the rabbit the relative 
weight of the spleen to the body-weight of the animal was 
the same two hours after a as after forty-eight hours of 
fast; that it increased considerably from the fifth hour, re¬ 
maining high until the twelfth hour. 

‘‘The striking synchronism in the splenic congestion and 
the presence of tr 3 rpBin in large quantity in the pancreatic 
juice or in an infusion of the gland was observed by Schiff and 
caused him to repeat all his former experiments on the tryptic 
digestion of albumins, this time on animals in which the spleen 

H 
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had been for some time removed and on others in which it 
was prevented from dilating by ligature of its hilum at the 
time of the experiment He experimented in this way upon 
a vmy large number of dogs and cats; nearly all his experi¬ 
ments were double: i.e., performed at the same time and in 
the same maimer on two animals selected so as to resemble 
one another as much as possible, and in only one of which had 
the spleen been extirpated or ligatured. These experiments 
were of two kinds: (1) those conducted with pancreatic in¬ 
fusions, and (2) those carried out in the living duodenum, the 
following being typical examples:— 

Infusions. Ligature of the Hilum of the Spleen .—^Two 
cats, after fasting for 19 hours, received as much meat as they 
would eat; 1 hour afterward they were etherized, and the 
spleens, which were found to be in a state of contraction, were 
brought out through a wound in the abdomen and their hila 
were encircled by strong thread; in one of the animals the 
hilum was firmly tied, but in the other it was simply encircled 
and a knot was tied, leaving the splenic circulation perfectly 
free (this was done in the endeavor to equalize traumatic con¬ 
ditions as much as possible). The spleens were then replaced 
in the abdominal cavity and the wound was sutured. On 
recovering from the anaesthesia the animals did not appear to 
suffer. They were killed 6 hours later. Qastric digestion was 
found to be more advanced in the animal in which the splenic 
vessels were tied; the pancreas of both was cut up into small 
fragments and infused with 100 cubic centimeters of water for 
an hour at 35” C.; the liquid was afterward decanted and 
returned to the warm chamber together with cubes of albumin. . 

"^Result .—^In 7 hours the pancreatic infusion of the cat in 
which the hilum was not ligatured digested 17 grammes of 
albumin; that of the otiier did not digest at all even at the 
end of 12 hours. 

*”rhis experiment was performed on a large number of 
cats and dogs and always gave the same result. In spite, how¬ 
ever, of the perfection of gastric digestion in the operated 
animals, it was possible to lay at the door of traumatism the 
absence of duodenal digestion; to correct this the experiment 
was repeated as follows:— 
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**Extirpation of the Spleen .—^Two dogfr—one. normal, the 
other having undergone splenectomy a month previoudy, but 
at the time of the experiment in perfect health—^were operated 
upon, while fasting, as follows: Etherization, ligature of the 
pylpruB, injection into the stomach, per oesophagus laid bare 
and opened, of 50 gramme of peptone and 2 grammes of dex¬ 
trin; to allow drainage of swallowed saliva the oesophagus was 
ligatured below the opening. Both animals were killed five 
hours later, and each pancreas was infused for three-fourths of 
an hour in 100 cubic centimeters of water at 35** iO. Although 
death had occurred before the most favorable moment for the 
experiment,— i.e., in advance of the summit of the splenic 
curve,—^the infusion coming from the dog with the spleen 
intact digested 17 grammes of albumin in 17 hours, while the 
other digested nothing even in 18 hours. Numerous experi¬ 
ments made in this manner always gave the same result. The 
spleenless dogs had in many cases undergone splenectomy sev¬ 
eral months before the experiment, and the determination in 
them of perfect oinditions of health was always a matter of 
great care. ' 

"II. Experiments in the Living Duodenum. lAgature of 
the Duodenum at Both Ends .—Two dogs after fasting for 17 
hours received as much meat as they would eat and immedi¬ 
ately afterward were operated upon as follows: Etherization, 
laparotomy, ligature of the pylorus and of the bile-duct, intro¬ 
duction into the duodenum of from 30 to 40 grammes of albu¬ 
min, and ligature of the jejunal end. In one of the animals 
the splenic hilum was also ligatured. Both were killed 7 hours 
later. 

"Result .—In the dog with the splenic hilum tied the albu¬ 
min .was found to be intact; it had, however, disappeared m the 
other. 

“This experiment was also several times repeated on ani¬ 
mals which had undergone splenectomy a long time previously, 
and always yielded the same result; it is, of course, capable 
of being combined with the preceding by making an infusion 
of the pancreas after the death of the animals. Such infusions 
give results in harmony with those fumidied by the duodenum 
itself. Further, it will be remembered that in the pancreatic 
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jmce of dogs of large breed Sdiiff generally fonnd, eren while 
fasting, a certain quantity of trypsin; when the same were 
spleenless, however, he was unable to find any. 

“Digestion in the Normal Duodenum Provided with a Fie^ 
ula.—K duodenal fistula was established in a dog. After com¬ 
plete recovery a measured and constant quantity of albumin 
was introduced every day into the duodenum inclosed in a 
small envelope of fibrous membrane fixed to the caimula by a 
thread some centimeters long. The progress of digestion was 
then observed, the following results being obtained: 1. When 
the animal was fasting the albumin took from 5 to 6 hours 
to become dissolved. 2. When the albumin was introduced 
into the duodenum during the 2 to 3 hours immediately fol¬ 
lowing the ingestion of a meal by the animal it remained un¬ 
changed. 3. When introduced 4 hours after a meal it dis¬ 
appeared very quickly,—^in about half the time, in fact, occu- 
pi^ during fast. Th^ facts having been duly noted, the 
spleen was then extirpated, and after complete recovery the 
same experiment was repeated; very different results were 
now obtained. Whether fasting or in full digestion the time 
taken for the digestion of the albumin was exactly the same, 
viz.: from 5 to 6 hours. The acceleration in the peptonization 
which bad formerly appeared after the fourth hour of digestion, 
and which coincided both with the appeaipnce of trypsin in 
the pancreatic juice and with the dilation of the spleen, was 
now absent. The slow digestion (from 5 to 6 hours) in this 
experiment was probably entirely due to the secretion of the 
duodenal glands, which possess only a very feeble digestive 
power; the active, rapid digestion was due to the appearance, 
in large quantity, of trypsin in the pancreatic juice: a phe¬ 
nomenon wanting in the spleenless animal. . . . Schiff 
endeavored to interpret ‘the facts by the following theory: 
During the congestion of the spleen a substance is produced 
within it wWch, carried away by the blood, gives to the pan¬ 
creas the wherewithal to form its peptonizing ferment. . . . 
In 1872, however, the theory of Schiff received a rude shock 
through the great discovery of the zymogens by Heidenhain 
and his pupils. From tbe researches of this observer it ap¬ 
peared that, as the gastxic mucous membrane forms at the 
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outset hardly any active pepsin, but a zymogen accumulating 
in its glands in the intervals of digestion, so the pancreas does 
not at once elaborate active trypsin .but a substance destined 
to become tiypsin under certain conditions and in a certain 
phase of the digestive act, this substance being, of course, thb 
pancreatic zymogen trypsinogen, or protrypsin. The researches 
of Heidenhain are well known, and it suffices td recall here 
only one or more essential points: Thus from them we know 
that the pancreas of a fastiug dog contains little or no trypsin, 
but merely trypsinogen; consequently its glycerin infusion 
possesses little or no digestive power; the infusion, however, 
of a dog in full digestion digests rapidly and copiously, because 
it contains trypsin. If the pancreas of a fasting dog be divided 
into two equal portions, one of which is infused at once and 
the other only after an exposure of 24 hours to the air, the 
first is found to be inactive, while the other is immediately and 
energetically active, from which it is clear that the inert tryp¬ 
sinogen which it contains becomes spontaneously transformed 
into active trypsin; indeed, it suffices to pass a current of 
oxygen through a pancreatic infusion, rich in tryx>sinogen and 
poor in trypsin (an active infusion), to transform it into an 
infusion possessing a digestive power. This transformation, 
then, is an oxidation, trypsin being oxidi^ trypsinogen. 

*"rhe fact observed by Heidenhain of -the continuous for¬ 
mation and storing up of trypsinogen in the pancreas and ibi 
subsequent transformation into trypsin during the culmen of 
gastric digestion proved that the former substance at any rate 
enjoyed an origin quite independent of all influence outside 
the pancreas itself, and the hypothesis of Schiff as to the inter¬ 
vention of the spleen seemed, in consequence, to be at fault. 
But it was only the theory of Schifl which suffered by these 
new revelations; as fax as the experimental results of the two 
observers were concerned, physiologists were face to face with 
two series of apparently contradictory facts—apparently be¬ 
cause facts properly observed can never stand in contradiction 
with one another, and when they appear to do so it is merely 
because the interpretation of them is either false or incom¬ 
plete. It fell to the lot of M. Herzen to unravel the tangled 
hypotheses. It appeared to him that, by modifying the hy- 
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pothesis of Sdiiff as to the maimer in which the spleen acts as 
a tryptogmie, a fusion of the respective facta of Schifl and 
Heidenhain could be brought about, and that, far from being 
antagonistic, they could be shown to be reciprocally corrobora¬ 
tive. He argued thus: since the zymogen, even in spleneo- 
tomized animals, is being continuously elaborated, and there¬ 
fore independently of the spleen and its periodical congestion, 
and that it accumulates in the gland-cells during fast, but that 
it becomes rapidly and copiously transformed into trypsin only 
in the presence of the spleen and in direct proportion to ito 
dilation, it would seem feasible that the spleen produces, by 
'internal secretion* during its congestion, an unknown sub¬ 
stance, which, carried away by the circulating blood, trans* 
forms the inert zymogen already deposited in the pancreas into 
active trypsin destined to pass into the secretion of the gland, 
and that the influence exercised upon the zymogen by this 
product of the spleen seemed to be a condition sine qua non 
for tile transformation of the former into trypsin, at least in 
the living pancreas, since in the dead organ or its infusion it 
is so transformed by direct oxidation. This hypothesis of 
Herzen would Mem to be further confirmed by the fact gleaned 
from the research^ of both Schiff and Heidenhain, to wit: 
that the holding in zymogen of the pancreas at a given moment 
either of fast or digestion is always in inverse ratio to its hold¬ 
ing in trypsin, and vice versa, while the latter is always in 
direct proportion to the spleen dilation. 

"So far so good. But Herzen reasoned further. If the 
spleen really produces, during its congestion, a substance which 
brings about the transformation of the pancreatic zymogen 
into trypsin, it would then be possible to seize upon this sub¬ 
stance in the spleen itself while in its turgescent condition 
(from 6 to 7 hours after a meal), and by at once making an 
infusiim of it and mixing a certain quantity of this splenic 
infusion with pancreatic infusion made from the pancreas of 
a fasting animal (very rich in zymogen and very poor in trypsin, 
and consequently nearly inactive) there could be obtained tn 
vitro a rapid and copious formation of trypsin easily recogniz¬ 
able by the amount of proteid digested in a given time. The 
control experiment would also be very simple, consuting merely 
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in mmng with tne same pancreatic infusion that of a contracted 
and ansBinio spleen, in order to observe whether it would have 
the same eftect as that of the spleen dilated and engorged with 
blood. Artificial digestions actually carried out with these 
infusions gave enormous differences: whereas the pancreatic 
infusion alone, or that mixed with infusion of contracted spleen 
digested nothing or almost nothing, the same pancreatic in¬ 
fusion to which had been added infusion of engorged spleen 
digested rapidly and copiously; indeed, it had often completely 
digested its dose of proteid by the time that the other two, if 
digesting at all, had barely commenced. The mixed infusions 
thus behaved in the same way as a pancreatic infusion taken at 
the culmen of digestion. 

"A large number of similar experiments were made with 
aqueous boric and glycerin infusions, each being double: «.s., 
performed in two separate series of vessels, the one containing 
finely divided fibrin and the other equal-sized cubes of coagu¬ 
lated albumin. The results were always the same. . . . 

"At the German Congrera of Medicine held at Strasburg 
in 1886 Herzen exhibited several graduated fiasks containing 
the residua of‘fibrin and albumin in a number of his digestions, 
the digesting liquid having been decanted and replaced by 
alcohol. The physiologists, who examined them all recognized 
that the difference between the residua left by the pancreatic 
infusions alone and those of the mixture of the pancreatic and 
splenic infusions were very obvious. In a private conversation 
with Herzen, however, Heidenhain made the following criti¬ 
cism: It is well known that the pancreatic zymogen is very 
greedy of oxygen; on the other hand, the spleen during its 
dilation is engorged with blood. The splenic infusions ex¬ 
hibited were intensely colored by dissolved hsemoglobin— wgo, 
the undoubted and considerable acceleration in digestion ob¬ 
tained by adding such a liquid to another containing tryp- 
sinogen could be quite simply explained, by the rapid oxidation 
of the ifymogen at the expense of the hsemoglobin. This 
objection disconcerted Herzen in no inconsiderable degree, and 
he lost no time in making it the subject of experimentad in- 
qiiiry. He at length succeeded in disproving it by the following 
excellent experiment: The panc^^s of a normal fasting dog 
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was incased in pure glycerin and the infusion was divided into 
eight equal portions These eight portions were mixed with 
eight aamplM of blood received directly into a double volume 
of glycerin^ of which four came from a fasting dog and four 
from a dog in full digestion with the spleen gr^ti.y dilated. 
The four samples were taken in both animals from (1) the 
femoral artery^ (2) the femoral vein, (3) the splenic artery, 
and (4) a large splenic vein. The eight portions were then 
given the usual dose of fibrin and placed at a temperature of 
40* C. Now, it is evident that the femoral and splenic arte¬ 
rial blood of the two animals contained more oxygen than 
their venous blood; the former, then, according to Heidenhain, 
should exercise a powerful influence on tiie digestion, equal 
in the two dogs. On the otiier hand, according to Herzen, the 
splenic venous blood alone should exercise this influence and 
especially that of the digesting wimal. The result of the 
experiment was as follows: After one hour there was still 
no trace of digration under tiie influence of the femoral blood, 
arterial or venous, nor of the splenic arterial blood of the fast¬ 
ing dog; first traces of digestion were beginning to manifest 
themselves under the influence of the splenic v&ous blood of 
this animal. Digestion was rather advanced in the case of the 
femoral arterial and venous blood and splenic arterial blood 
of the digesting dog; the fibrin had almost mitirely disappeared 
under the influence of the splenic venous blood of the same 
animal. 

*‘The answer could not be clearer: the product of the 
internal sanretion of the spleen, borne therefrom by the cir- 
eulating blood, is present during the period of the dilation 
of the spleen in feeble, but appreciable, quantity in the blood 
of the general circulation and abundantly in the splenic venous 
blood. The venous blood returning from the contracted spleen 
only contains it in very small quantities. This experiment, 
several times repeated, always gave the same result^ showing 
that it is not the blood as such which favors the transforma¬ 
tion of pancreatic zymogen into trypsin, but that, by picking 
up from the spleen the unknown substance possessing this 
property, the blood becomes its vehicle and means of commu- 
nioition vrith the pancreas. 
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"From the bulk of evidence collected by Herzen iliere time 
seems to be very little room for doubt that^ apart from bsema* 
topoieti(^ and possibly allied, jbmctions possessed by the spleen, 
the organ furnishes a product of ^internal secretion’ which 
causes in the pancreas the transformation of its inert zymogen 
into active trypsin.” 

Bellamy doses his article with a review of the criticisms 
to which the researches of Schiff and Herzen have been sub¬ 
mitted. In the experiments of liussana, in 1868, the spleens 
of three dogs were removed and the animals were subsequently 
killed to ascertain whether the extract of their pancreas would 
digest coagulated albumin. The pancreatic infusion of the 
glands of two of the dogs digested 0.25 gramme of albumin in 
24 hours; that of the third digested 1.10 grammes in the same 
period of time. ^The latter animal had, however, been killed 
three hours after a meal: i.e., at a moment when, even had 
it been in possession of its spleen, that organ would not yet 
have commenced to become congested. The experiment, there¬ 
fore, gave the result which might be expected,—viz.: no di¬ 
gestion,—^for nobody would accept seriously the digestion of 
1.10 grammes, knowing that the pancreas of a dog when digest¬ 
ing can dissolve from 50 to 60 grammes of albumin. . . 
Indeed, the experiments of Lussana appear to us to be con- 
firmatoiy of Schifi*s and Herzen’s views. 

Carvallo and Fachon also reported negatively, but, errors 
in their experimental procedures having been brought to their 
attention by Herzen, subsequent experiments caused Fachon 
and a new collaborator, Gachet, to reach the conclusions sus¬ 
taining the views of Schiff and Herzen to which we have re¬ 
ferred on page 368. "Nay, they did more,” says Bdlamy; 
"they invented an entirely new experiment, at once original 
and ingenious, whidh consisted in realizing in vivo what Herzen 
had hitherto only done in vitro. This experiment was as fal¬ 
lows: A dog, which a long time previously had undergone 
splenectomy, was anaesthetized and half its pancreas was re¬ 
moved and immediately infused; at the same time a normal 
dog, in the height of digestion, was killed and its congested 
spleen was infu^ in water, and tiiis infusion was injected 
into the venous system of the spleenlees dog; from 15 to 20 
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minnteB afterward the remaining half of the pancreaa of the 
latter deg waa infuBed exactly like the first; of the two in- 
fusiona when given fibrin and albumin, the second only digested 
rapidly and copiously.” 

The investigations of Popelski are next reviewed. ^In 
both normal and splenectomiz^ cats,” says Bellamy, '*he col¬ 
lected the pancreatic juice by means of a cannula introduced 
into the duct of the gland, and waa unable to find any differ¬ 
ence in digestive activity. As, however, his cats had been 
fasting since the day before, his experiments were made out¬ 
side the digestive period during whidi the spleen, becoming 
congested, furnishes abundantly its product of internal secre¬ 
tion whi(^ transforms rapidly and copiously .the zymogen into 
trypsin.” . . . *fBut Popelski also performed some anal¬ 
ogous experiments on a dog with a permanent pancreatic fist¬ 
ula, made according to the method of Pawloff. The pancreatic 
juice of this animal was several times collected and examined 
before and after splenectomy without any difference in activity 
being demonstrable. This r^ult, however, elicits no surprise 
in view of the fact that in both instances the juice was always 
collected immediately after a meal——again to repeat it— 
in advance of that digestive period during which the spleen 
enters into function and the pancreas abounds in trypsin; so 
that as well in this experiment as in that with his cats, Popdski 
was placed in that position in which the presence or a^nce 
of the spleen was a matter of perfect indifference. . . .” 
The discussion of the various features in point have led to 
considerable acrimony, but the impartial observer cannot fail 
to consider that the position of Herzen, of those reviewed, is 
the only tenable one. 

In an article written since Bellamy’s review was published 
Popeldd“ reiterates his views, and ^tes that since it has 
bem demonstrated that there exist in the organism bodies in 
the naiure of fermmts possessing oxidising properiies, which he 
believes to be dmved mainly from leucoc^teB, the results 
obtained by Schiff, Herzen, Pachon and Oachet can all be 
explained by thdr action. During the height of digestion 
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digestive leacocytoBU pievaile, and, an accompanying deatnio- 
tion of these cells yielding more ozidudng bodies, the latter, 
he thinks, are the source of conversion of protrypsin or tiypi- 
sinogen into trypsin, which thus becomes a function of the 
blood. Thus, the spleen would have nothing to do with the 
process the hypersemia and dilation of this organ during the 
formation of trypsin being regarded merely as concomitant 
phenomena. 

The only feature of interest to us in Popelski’s lart paper 
is the fact that his expenments were performed in accordance 
with the directions of Schiff. That he should be driven thereby 
to ascribe all the phenomena witnessed to the action of 
‘^oxidizing bodies” adds materially to the data contributed by 
Schmiedeberg, Jaquet, A^ielous and Biamte, and Salkowski, * 
proving experimentally the existence of an oxidizing substance, 
and is suggestive.' Indeed, when, in addition to this, we realize 
the strength of Heidenhain’s position, the manner in which 
it shook to its very, foundation the equally strong position of 
SchifPs views as developed by Herzen, by pointing to ihe in¬ 
fluence of oxygen as another agency through which trypsin 
could be developed from trypainogen, “trypsin being oxidized 
trypsinogen,” the following query suggests itself: Are we not 
dealing with two processes working in sequence, a part of the 
trypainogen secret^ in the splenic vein being converted by 
the splenic secretion for use in the portal vein, and the rest 
being converted, when the arteries are reached, by the oxidiz¬ 
ing substance? 

To determine whether such a deduction is at all warranted 
or whether it is subject to modifications through which the 
various views submitted and our own can be conciliated, we 
fillip it necessary to closely analyze the manner in which the 
pancreas and the spleen are functionally governed. 

Thb Functional Mechanism of the Pancbeab. —The 
pancreas will first receive our attention. Eeferring to this or¬ 
gan, Howell says: “Until recently little direct evidence had 
been obtained of the existence of secretory nerves. Stimulation 
of the medulla was known to increase the flow of pancreatic 
juice end to alter its composition as regards the organic constit¬ 
uents, but direct stimulation of the vagus and the sympathetic 



882 INTVaMAIi 8BOBBTION8 Or PANCRBAB ANO BPUUBN. 

nenree gave only ne^tiye ramlts. Laidy, however, Pawlow 
and some of his students have been able to overcome the 
technical difficulties in the way, and have given what seems 
to be perfectly satisfactory proof of the existence of distinct 
secretory, fibers comparable in their nature to those d^ribed 
for the salivary glands. The results that they have obtained 
may be briefiy rtated as follows: Stimulation of either the vagus 
nerve or the sympathetic causes, after a considerable latent 
period, a marked fiow of pancreatic secretion. The failure of 
other experimenters to get this result was due apparently to 
the eenritiveness of the gland to variations in its blood-supply.^* 
Either direct or refiex vasoconstriction of the pancreas pre¬ 
vents the action of the secretory nerves upon it. Thu^ stim¬ 
ulation of the sympathetic gives usually no effect upon the 
secretion, because vasoconstrictor fibers are stimulated at the 
same time; but if the sympathetic nerve is cut five or six days 
previously, so as to give the vasoconstrictor fibers time to degen¬ 
erate, stimulation will cause, after a long latent period, a dis¬ 
tinct secretion of the pancreatic juice.** 

The quotation almost suffices to show that the sympathetic 
fibers are vasoconstrictors as elsewhere, in the light of our 
views, and that the secretory nerve is the vagus. This view 
is conclusively supported, however, by. evidence from other direc¬ 
tions. As to the vagus, Frangois-Franck and Hallion^' in addi¬ 
tion to the dilator effects produced on the liver state that 
vasodilator action is also found in the pancreas.** Stimulation 
of the peripheral ends of both vagi, after section, between ihe 
.cardiac plexus and the diaphragm caused a wide dilation of the 
pancreatic vessels, which persisted some time, mitailing a low¬ 
ering of the aortic pressure. They also obtained dilation of 
these vessels reflexly, by stimulating the central end of the 
nerve after it had b^ cut on a level with the oesophagus. We 
have also in the experiments of Mette** and Kudrewetzky*' 
evidence of the direct action of vagal stimuli upon muscular 
fiber. Having observed that the secretion caused by stimulating 
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one yagas could often be arrested by exciting the other yagas, 
he concluded that this nerye contain^ antagonistic fibers. This 
dual set becomes unnecessary, however, if stricto-dilation is 
accepted as the mechanism of the vasodilation observed by 
Frangois^Franck and HalHon. Indeed, vagal stimuli capable 
of causing rontraction of the vascular muscles to which stricto- 
dilation is due, can as well induce contraction of the muscular 
coats of Wirsung^s duct, and thus arrest the fiow of secretion 
of pancreatic juice precisely as it does that of bile. 

As the sympathetic supply Frangois-Franck and Hallion^* 
obtained plethysmographically vasoconstrictor effects on stimu¬ 
lating the splanchnic, and traced the constrictor fibers to the 
cord. The fibers were supplied through the fifth thoracic com¬ 
municating branches to the second lumbar inclusive, the ma¬ 
jority of them reaching the solar plexus by way of the greater 
splanchnic. The fibers then formed, they contend, secondary 
plexus enveloping the pancreatic artery.” They ako state that 
*‘this arterial path seems to be the only one, since the destruc¬ 
tion of the fibers that accompany the artery suppress the pan¬ 
creatic vasoconstrictor effects of any sympathetic branch stim¬ 
ulated.” Again, Popelski” refers to various ways in which 
inhibition of the fiow of secretion may be caused. Among these 
are: Stimulation of the vasoconstrictor fibers, and stimulation 
of "secretion-inhibiting” fibers supposed by him to represent a 
special set. The mode of termination of the sympathetic fibers 
on the pancreatic artery as given by Frangois-Franck and 
Hallion readily accounts for the inhibition caused by excessive 
cxcitati<m of the nerves. Th^ (sympathetic) fibers are thus 
evolved from the suppositious special "secretion-inhibiting’* 
nerves—a rather incongruous combination, since by arresting 
the fiow of blood to the organ, they prevent and may arrest the 
secretory process. 

It is evident that these vasoconstrictor fibers are distinct 
from the true secretory fibers, for Pawlow'* says, alluding to 
Popelski’s work: "By a careful preparation of ttie nervM, 
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some branches were discovered whose excitation caused a secre¬ 
tion without any latent period almost as promptly as the 
chorda expels saliva. From the latter fact we must conclude 
that in the branches mentioned, the secretory fibers of the 
pancreas have been anatomically separated from the inhibitory.” 
Finally, a proof that we are dealing with exaggerated constric¬ 
tion ending in experimental inhibition and not with a true 
secretory nCTve is afforded by the following observation of 
KudrewetzkiV*: *‘If the sympathetic nerve be excited by means 
of an induced current, a gentle intermittent advance of the 
secretion is observed, but only during the first few seconds; 
during the later stages of the excitation, and after its stoppage, 
the secretion is completely arrested.” We have here, obviously, 
the identical result observed in the submaxillary gland when 
the cervical sympathetic is stimulated—a brief exacerbation of 
activity due to the propulsion of a small quantity of blood into 
the secretory elements—and simultaneously additional evidence 
that the sympathetic in the pancreas fulfills vasoconstrictor 
functions. 

This involves the conclusion that as elsewhere the blood- 
plasma—Bladen with oxidizing substance—^is able to reach the 
glandular cells. This is shown by a brief review of the relation- 
Aip between the nervous and vascular structures of the organ. 

Beferring to the blood-vessel^ Piersol says: “The larger 
arterial branches run within the interlobular connective tissue, 
sending off vessels which pass between the lobules and supply 
the glandular parenchyma with twigs. These latter enter the 
lobules and form networks which inclose the individual acini 
within the capUlary reticulum. The capillaries lie beneath the 
basement membrane in dose relation with the glandular epi¬ 
thelium. The veins accompany the arterial trunks within ^e 
connective tissue.” A similar arrangemmit prevails in the 
distribution of the nerve-terminals. According to Bam6n y 
Cajal and C. Sala, the pancreas contains many nerve-cells 
and fibers of Bemak. Some cells are found in the interacinous 
q>aces; others are in contact with the intrinsic vascular walls, 
and fhetr fner prolongations surround the glandular cells. 
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Those connected with tlie vessels form a plexus around them, 
and send extremely fine .filammis to the muscular elements. 
Alluding to the nerve-cells, Bam6n y Cajal says: ‘‘We may 
consider this cell as a special cell, all the prolongations, or 
almost all the prolongations, of which possess the meaning of 
nervous prolon^tions contrary to the cells of the sympathetic 
chain, that have two kinds of prolongations: along one, or 
fiber of Bemak, for the viscera, and short prolongations com¬ 
parable to the protoplasmic prolongations of cerebro-spinal 
cells, destined to establish relations by contact between the 
neighboring cells of a ganglion." Berdal, who quotes the 
above, therefore recognizes two varietira of nerve-fiW in the 
pancreas: “1. The nerve-fibers formed by the cellular pro¬ 
longations and which supply the periacinous and perivascular 
plexuses. 2. The nerve-fibers derived from the sympathetic 
nerves which penetrate into the pancreas with the vessels. 

On the whole the functions of the pancreas appear to be 
governed as follows:— 

1. The nervous supply of the pancreas is derived from the 
vagus and the sympathetic systems. 

S. When the secretory functions of the organ are to be 
enhanced, the vagal terminals cause vasodilation of its arteri¬ 
oles, thus increamng the arterial blood circulating through it. 

S. When the functional activity of the pancreas is to be 
diminished its arterioles are caused to contract by the sym¬ 
pathetic nerves, and the blood circulating through the organ is 
reduced. 

PuNOTiONAi. Mbohanism OF THB SHiBEK.— The innerva¬ 
tion of the spleen includes, as a predominating feature, the 
distribution of a fair proportion of the terminal fibers to the 
muscular elements, which, in man, are mainly supplied to the 
trabeculs. ‘'We We evidence," says Professor Poster, “that 
the muscular activity of the spleen, whether of the muscular 
capsule and trabecute and arteries combined, or of the latter 
alone, is under the dominion of the nervous system. A rajnd 
contraction of the spleen may be brought about in a direct man¬ 
ner by stimulation of the splanchnic or vagus nerves,*' . . . 
"it may also be caused by stimulation of the medulla oblongata 
with a ^vanic current or by means of asphyxia. Thou|^ the 
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matter has not yet been folly worked out, we hape. already 
BofiSeiently dear indications ^t the flow of blood thxooj^ 
the spleen ia, through the ageacj of the nerpods system, Taxied 
to meet changing needs. At one time a small' quantity of 
blood is passing through or is being hdd by the organ and 
the metabolic changes which it undergoes in the transit are 
comparativdy slight. At another time a lar^r quantity of 
blood enters the organ and is let Ioom, so to speak, into the 
splenic pulp, there to undergo more profound changes, and 
afterward to be ejected by rhythmic contractionB of the mus< 
cular .trabeculse.” 

That rapid contraction of the splemi diould occur under 
stimulation of the splanchnic nerve is easily accounted for when 
the r61e of sympathetic nerv^—those it supplies the organ— 
is considered to be that I have attributed to them in the fore* 
going chapters: that of vasoconstrictor. Indeed, it is plain 
that under stimulation these nerves should reduce the caliber of 
the arteriole^ and, therefore, the volume of blood admitted into 
the organ, and that it should contract rapidly owing to con¬ 
tinued depletion of its veins. The constrictive effect of stimu¬ 
lation of the medulla on the arteries we have repeatedly seen; 
as this is due to contraction of their muscular coats, the spleen 
is evidently influenced in a manner similar to that following 
stimulation of the splanchnic, the small^ arteries being the 
first obstructed under violent vasoconstriction. 

But why should stimulation of the vi^^ also induce 
splenic coniraction? This requires an examination of the 
distribution of the nerve-terminals. The innervation of the 
spleen was studied by Kdlliker in various animals,” and his 
observations, when viewed in the light of my conception of 
the functional mechanism of glandular oi^^ans, axe suggestive. 
*^rhe vasomotor nerves enter the organ with the large arteries. 
In the walls of the large arteries the wiaiti trunks foim a well- 
marked superficial plexus with oblong meshes in the adventitia, 
and a deep, more quadrate net-worh in the tnni<» media; some 
end in the little branched arborisations in this coat. The 
smaller arteries and the txabecnlsa receive their nerves from 
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Uie rich maze of fibers in the pulp, oonsiating of azis-c^linderBy 
whicbf however, do not anastomose. Other fibers form a plexus 
on the surface of the trabeculse^ and from this fibrils penetrate 
into the interior of the trabecnke (which contain smooth 
muscle) and end by free arborizations.'^ Free terminala, which 
K511iker r^ards as sensory fibers, were also found. When we 
(•onsider that the trabecule penetrate deeply into the interior 
of the organ from the inner surface of the capsule in every 
direction, thus forming a spongy frame-work, and that the 
muscular capsule overlying the organ and this spongy frame¬ 
work, is also supplied wiih vagal nerves, its contraction under 
the influence of the latter under stimulation also becomes self- 
evident in the light of our views: The vagus acting as a vaso¬ 
dilator allows an excess of blood to penetrate into the muscular 
elements, causing them to contract and thus to diminish the 
size of the organ. Indeed Boy*^ who first called attention to 
the rhythmic contractions of ilie spleen, ascribed them to im¬ 
pulses received by way of the vagus. 

A feature of the experimental work upon this organ which 
tends greatly to produce confusion in the interpretation of its 
function, ia the belief that it is supplied with inhibitory fibers. 
Thus, according to Schafer” these fibers are contained in the 
splanchnic nerves and their stimulation ^^producra a dilatation 
of the spleen.” It is plain, in the light of our interpretation 
of “inhibition,” that we are merely doling with an experimental 
phenomenon due to the excessive vasoconstriction which elec¬ 
tricity produces when applied to sympathetic vasoconstrictors, 
and that the organ dora not receive “inhibitory fibers” as text¬ 
books call them. 

The interpretation of the splenic functional mechanism 
in accordance vrith our views is greatly facilitated when the 
microscopical anatomy of the organ is considered in the light 
of F. P. Mali's” researches. The organ is divided, as is the 
liver, into lobules, each of which is bounded by “interlobular” 
trabeculae: those to which we have already referred. Each 
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lobule is abotit 1 millimeter in diameter, is partitioned into 
about ^ten compartments by intralobular trabecule, and receives 
an artery which sends minute branches to each compartment. 
There is also considerable analogy between each one of these 
compartments and the hepatic lobule, the hepatic cells being 
represented by masses of pulp 'separated by venules, which 
ve^B cany back to the veins leading to the greater splenic 
vein the various elements transferred to the liver. The pulp 
itself is made up of an extremely delicate reticulmn, in which 
are found red corpuscles, lymphocytes, remains of corpuscles 
with or without pigment, etc. The arteries—^which bring to 
the organ oxidizing substance—soon after entering the organ 
assume an unusual shape: their outer coat becomes lymphoid, 
forming nodules similar to the solitary follicles of the intes¬ 
tine,— i.e., the Malpighian corpuscles,—^in which lymphocytes 
are formed. When, after numerous subdivisions, their diam¬ 
eter becomes greatly reduced, the arteries resume their normal 
adventitia and on reaching the pulp in the compartments break 
up into minute capillaries. The arrangement is, after all, an 
uncomplicated one, and similar, in general plan, to that of other 
organs reviewed. 

The connection between the nervous supply of the spleen 
and that of the other digestive organs becomes evident when 
the distribution of the coeliac-plexus branch^ is recalled. 
‘T?he splenic plexus,” say Pick and Howden,** *‘is formed by 
branches from the cceliac plexus, the left mmilunar ganglia, 
and f^om the right pneumogastric nerve. It accompanies the 
splenic artery and its branches to the substance of the spleen, 
giving off, in its course, filaments to the pancrais (pancreatic 
plexus) and the left gastro-epiploic plexus, which accompanies 
the gastro-epiploica sinistra artery along the convex border of 
the stomach.” If we append to this KSllikeris description of 
the intrinsic nervous supply and the manner in which it is 
connected with the blood-VMseis, it will become apparent that 
we have a counterpart of the vasculo-nervous mechanism of 
all the other organs of the digestive system wo have studied, 
viz., a system of vagal fibers capable of inciting the spleen t(> 
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increased functional activity by causing an excess of blood to 
enter the organ, and sympathetic fibers to reduce its functional 
activity by causing the vessels to resume their normal caliber. 

The functions of the Malpighian corpuscles around the 
vessels would thus be insured by fibers from the vagus. In* 
deed, Fusari” traced nervous filaments within these bodies. 
The pulp is also possessed of a *'rich maze of fibers consisting 
of axis-cylinders*’—doubtless sensory structures. But here an 
independent motor supply must also be present, since we also 
have fibers that form "a plexus on the surface of the trabec- 
iilte,” filaments from which penetrate into the trabeculse. These, 
S'e have seen, contain much smooth muscle, and the nerve- 
filaments are connected with them by “swellings” (Fusari), 
evidently end-plates. Kupifer’s bile-alveolus, with its canaliculi, 
is recalled by a similar receptable: i:e.. Mall’s “intralobular 
venous spaces,” which form the starting-point of the venules 
that ultimately end in the large trunks leading to the splenic 
vein. 

On the whole, we may conclude as follows:— 

1. The nerves of the spleen are derived from two auton¬ 
omous sources, the vagus, or pneumogastric, and the sympathetic 
system. 

2. The functional activity of the spleen is incited by the 
ragal nerves distributed to its arterioles: by causing dilation 
of these vessels, they admit an excess of blood into all the stmr- 
lures of the organ, causing the latter to dilate. 

The vasoconstrictor functions of the sympathetic are as 
evident here as in other organs studied. “The spleen,” says 
Howell, “is supplied richly with nerve-fibers which, when stim¬ 
ulated either directly or reflexly cause the organ to diminish 
in size. According to Schafer these fibers are contained in the 
splanchnic nerves, which carry also inhibitory fibers whose 
stimulation produces a dilatation of the spleen.” The sym¬ 
pathetic supply of the spleen has been clearly shown. Bulgak**® 
"l>tained vasoconstrictor effects, the organ becoming pale and 
sl'runken, by stimulating fibers which he traced to the semi- 
limar gan glio n and thence to the left splanchnic. Tarchanofil 

* FumtI: ArchlvM lUltennea de Blologle, Turin, toI. six, p. SS8, USt 
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reached similar resolts bnt by stimulating either splanchnic. 
Schafer and Moore studied the same subject by means of a 
plethysmogiaph specially constructed to avoid any obstruction 
to the circulation in the organ’s extrinsic vessels. Th^ found 
the spleen extremely responsive to blood-pressure fluctuations, 
and obtained constriction by stimulating either splanchnic, the 
lef^ however, giving more marked mults than the right The 
constrictor flbers were found to raise from the third thoracic 
to the flrst lumbar inclusive, the most active arising from the 
sixth, seventh, and eighth thoracic. This evidence clearly shows 
that the rdle of the spleen’s sympathetic supply is purely vaso¬ 
constrictor. Hence 

S. When the functional acUvity of the organ u to be 
diminished, the sympathetic fibers cause constriction of the 
arterioles, thus reducing the volume of blood admitted into the 
organ and passive contraction of its capsule. 

The rSle of the spleen has not been so far clearly estab¬ 
lished. Howell, in the second edition of his text-book (1907) 
writes in this connection: ^‘As to the theories of the splenic 
functions, the following may be mentioned: 1. The spleen has 
been supposed to give rise to new red corpuscles. This it un¬ 
doubtedly does during foetal life and shortly after birth, and 
in some animals throughout life, but there is no rdiable evi¬ 
dence that the function is retained in adult life in man or in 
most of the mammals. 2. It has been supposed to be an organ 
for the destruction of red corpuscle. 'Iliis view is founded 
chiefly on microscopical evidence according to which certain 
large amoeboid ceOs in the spleen ing(»t and destroy the old 
red corpuscles, and partly upon the fact that the spleen tissue 
seems to be rich in an iron-containing compound. This theory 
cannot be considered at prraent as satisfai^rily demonstrated. 
3. It has been suggested that the spleen is concerned in the 
production of uric acid. This substance is found in the spleen, 
as stated abov^ and it was shown by Horbaezewsky toat the 
spleen contains substances from whidi uric acid or xanfhin may 
readily be formed by the action of the spleen-tissue itself. More 
recent investigations*' have shown that the spleen, like the liver 
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and some otiier organic contains special enzymes (adenase, 
pisnase, and zanthin ozydase), by whose action &e ^lit 
products of the nucleins may be conrerted to uric add, and 
it is probable, therefore, that this latter substance is constantly 
formed in the spleen. 4. l^tly, a theory has been supported 
by Schiff and Herzen, according to which the ^leen produces 
something (an enzyme) which, when carried in the blood to the 
pancreas, acts upon the trypsinogen contained in this gland, 
couTOTting it into trypsin.” The latter is treated at length 
under the next heading. 

The statement that the spleen contains, as do other organs, 
such ferments as adenase, guanas^ and zanthin oxydase is sug¬ 
gestive, in view of the fact that they are all oxidizing ferments. 
This fact is all the more interesting in that, as shown below, it 
is the plasma alone, i.e., plasma deprived of its red corpuscles 
which drculates in the intercellular spaces of the pulp-cords. 

An incidental remark of Professor Mall’s, in the contri¬ 
bution previously referred to, goes far toward demonstrating 
that I have not erred so far in ascribing to the blood-plasma 
per se the active part in the blood’s function. This constitutes 
such a far-reaching feature of this entire work that the follow¬ 
ing lines appear to us as timely: ‘*The microscopical anatomy 
shows that the ampullae and venous plexus have very porous 
walls which permit fluids to pass through with great ease and 
granules only with difficulty. In life the plasma constantly 
flows through the intercellular spaces of the pulp-cords, while 
the blood-corpusdes Teeep within fixed channels. Numerous 
physiological experiments which I have made corroborate this 
view.” If this can occur in the spleen it is doubtless possible 
elsewhere in the organism, especially when we (insider that 
red corpuscles average in diameter about V,ooo au inch, 
while the lumen of the majority of functional capillaries is less 
than one-half that size. Of course, corpuscles adjust them¬ 
selves to the dimensions of the structures surround them; 
hut it is apparent that in many instances—the tortuous capil¬ 
laries of pericellular net-works, for in8tan<»—such a system 
could but compromise the free circulation of the fluids and, 
fimultaneouriy, the functional efficiency of the organ itself. 
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THE SPLEEO-PANGREATIC INTERNAL SECRETION. 

From the data already submitted as'to the functions of, 
and the functional relationship between the spleen and pancreas, 
it is evident that each possesses its own complete mechanism, 
and that tn hoik organa, as elsewhere in the economy, the oxidiz¬ 
ing substance (adrenoxidose) or the blood containing it is the 
source of functional activity. 

Still, have we any reason to believe, with Popelski, that 
it is through oxidation that, the intrapancreatic trypsinogen 
becomes converted into trypsin? Can we say, for instance: the 
intrapancreatic conversion of trypsinogen into trypsin is not 
efFected by the splenic ferment, but by the oxidizing substance, 
when the efferent vagus nervra transmit appropriate impair? 
We think not, much as such a process would coincide with the 
multiple functions that we have already ascribed to the oxidiz¬ 
ing substance. 

We have seen that when the pancreas becomes function¬ 
ally active its arterioles are caused to dilate by their vagal 
nerve terminals, and that the speed of the blood-flow through 
the organ is increased. Yet, while the net-work of capillaries is 
very rich, these encircle the secreting lobules, and, though in 
close relation with the glandular epithelium beneath the base¬ 
ment membrane, they in no way, as in the spleen, break up 
into reticulated tissue wherein their blood is poured; they 
merely lapse, as elsewhere in the organism, into venules, which 
ultimately carry the blood to the larger venous channels. 
Blood and trypsinogen do not come into contact, therefore, 
in the ducts of the typical pancreatic lobule: that which text¬ 
books employ to illustrate the origin, centripetal migration, 
and functional elimination of the zymogen granules. These 
are lost in the lobular lumina and ultimately reach the greater 
duct on its way to the intestine, without apparently having 
come into contact with the oxidizing substance. 

But, this being the case, how can we account for the ex¬ 
perimental evidence adduced by Scliiff and Herzen and other 
physiologists who have confirmed their work? How can we 
explain, for instance, the digestion of 17 gramme of albumin 
in 7 hours with pancreas obtained from a normal cat and no 
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digestion in 12 honrs with pancreas from one in which the 
vessels of the splenic hilum had been ligated: an experiment 
repeated many times, and always with identical results? 

It is evident that, if-—as believed by Schiff and Herzen— 
the circulatory cycle must be traversed by the splenic ferment 
before the pancreas can be influenced by it, this ferment will 
merely pass through the pancreas without in any way convert¬ 
ing trypsinogen into trypsin, and fruitlessly re-enter the splenic 
venous current. There being no connection between blood¬ 
stream and trypsinogen and none between the latter and the 
splenic ferment, we are now reduced to either deny the need 
of any converting agency, and simultaneously close our eyes 
to all the experimental data adduced,—including Popelski’s, 
which sustain the existence of some process which has imposed 
the necessity upon him of accounting for results witnessed,— 
or seek elsewhere for an explanation of the phenomena recorded. 
Thanks especially to the labors of Langerhans,*^ Lagurase,** 
and Opie,** this task will be greatly facilitated. 

Lagnesse having studied the islands of Langerhans in the 
pancreas of an adult man (an executed criminal) and of a child 
which has died several hours after birth without having taken, 
nourishment, and in the sheep, reached the following deduc¬ 
tion, quoted from one of our own reviews of his work.*® “Long 
before the pancreas begins its function as a digestive gland 
granules of secretion accumulate in the internal zones of the 
cells; and, when these come into contact with the hlood, a por¬ 
tion of thbm appear as though dissolved, while in others the 
granules are resorbed. It might be supposed, with some 
reservations, that an internal secretion always exists in the 
cell,—^very much developed, however, and preceding the ex¬ 
ternal secretion in tiie foetus. T^tcr, each cellular group would 
bo flrst full, then acinous, furnishing alternately an internal 
and an external secretion.” Opie refers to the observations 
of Eiilme and Lea** in injected specimens, in which these in- 
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TeBtif^tors "found scattered through the organ glom^lar 
stmctores composed of dilated and tortuous capillaries, and 
shoved that these glomeruli correspond to the cell^groups 
which Langerhans described. The islands are penetrated by 
numerous vide, tortuous capillari^, which lie between cells, 
forming irregular, anastomosing columns. Material injected 
into the duct of the gland does not penetrate the islands.” 
The view that the islands of Langerhans furnish an internal 
secretion is indirectly sustained, and the histological topography 
outlined seems to furnish a clue to the mechanism invoked: 
i.e., the existence of two sets of glands capable of yielding sinihr 
products, but adjusted individually, as regards distribution, to 
the needs of two systems: the digestive system and the drcvlor- 
tory system. 

To develop this proposition and that on page 379, we 
will employ the excellent paper of E. L. Opie,** in which the 
entire subject is not only reviewed, but also greatly ducidated 
through personal investigations. The quotations from his 
article will be limited, however, to the features bearing directly 
or indirectly upon the question in poinl^ as given in the above 
italicized lines:— 

"Sch^er and Diamare think that the vascular islets prob* 
ably furnish an internal secretion. The only evidence in sup¬ 
port of this suggestion is contained in the short preliminary 
notice of Ssobolew. He states that after feeding animals on 
carbohydrates the cells of the islands become more granular. 
After ligating the duct of Wirsung in dogs, tiie islands of 
Langerhans, he finds, are not involved in the sclerotic process 
which follows. He thinks that this fact explains the absence 
of glycosuria after ligation of the pancreatic ducts. In human 
cases I had observed after duct obstruction similar resistance 
of the islands to the consequent inflammation. In pancreases 
of two diabeti(» Ssobolew was unable to discover islands of 
Langerhans. 

^Tn the human pancreas the islands were found to be more 
numerous in the splenic end, or tail, than elsewhere. To 
obtain' a numerical statement of their relative abundance, their 
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number was determined in a sectional area of 0.5 square cen¬ 
timeter. Sections about 10 millimeters thick were made from 
the enlarged duodenal portion of the pancreas, or the head; 
from the midportion, or body; and from the splenic end, or 
tail. The following table gives their number in an area of 
0.5 square centimeter in sections taken from the head, body, 
and tail of ten normal organs:— 

Tabls I. 

UBAD. BODY. TAIL. 


1. 14.0 13.0 80.0 

n . 30.0 26.0 42.0 

m . 4.0 4.0 19.0 

IV. 4.0 10.0 48.0 

V. 27.0 18.0 69.0 

VI. 26.0 27.0 20.0 

Vn. 18.0 18.0 29.0 

VIU. 0.0 10.0 29.0 

IX . 44.0 32.0 01.0 

X . 14.0 28.0 82.0 

Average. 18.8 18.0 84.0 


^fThe table shows that the islands are more abundant in 
the tail, or splenic end, than in the head and in the body, 
where they are present in approximately equal number. They 
are almost twice as numerous in sections from the tail as in 
those from other parts. Since the number in only one plane 
is recorded, in order to obtain their actual relative abundance 
it is necessary to square these figures. They are then found 
to be slightly less than three and a half times as numerous in 
the tail as elsewhere. 


^‘The cells composing the islands resemble those of the 
acini. They have a larg^ round, occasionally oval, vesicular 
nucleus and a conspicuous cell-body. The basal zone of the 
secreting cell, as is well known, stains deeply with nuclear 
dyes,—^for example, haematoxylin or methylene blue,—^while 
the central portion, which contains zymogen granules, remains 
unstained. The cells of the island, however, do not stain with 
nuclear dyes, while with eosin their protoplasm takes a homo¬ 
geneous bright-pink color. The nuclei differ but little from 
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those of neighboring acini Thqr vary considerably in siae, and 
not infrequently one finds very large, round, Tesicnlar nuclei 
whose diameter is two Or more timesvthat of those about. 
Occasionally the cells, fonning columins between which are the 
anastomosing capillaries, are very closely padced together, and 
nuclei are situated almost side.by side; more frequently the 
cells of the island are less numerous and the nuclei are less 
closely crowded together. 

^‘The outline of the island is usually round or oval, and 
is not infrequently accentuated by a delicate circle of fibrous 
tissue. In other instances the outline is less sharp, and the 
body accommodates its shape to that of the neighboring acini. 
Occasionally one see^ apparently within the island, cells ar¬ 
ranged, as in the .acini, about a central lumen, and, indeed, 
in many iiutances it is difficult to convince one’s self that they 
do not form part of it. The impression is produced that the 
columns of the island are in continuity with cells haring an 
acinar arrangement Since the islands and the secreting acini 
hare a common origin, it is not inconceivable that they may 
occasionally remain continuous in the adult organ. When the 
foetal pancreas is affected by congenital syphilis, the islands, I 
hare found, retain their continuity with the secreting struct¬ 
ures. 

"In the human pancreas the groups of acini about ter¬ 
minal ducts are not sharply defined by connective tissue; so 
that individual lobules, as in the human liver, are indistinctly 
marked off and in places apparently fuse with one another. 
In the pancreas of .the cat the lobules, like those in the liver 
of the pig, are much more sharply outlined by interstitial tis¬ 
sue.' Details^ of structure have been studied in the pancreas 
of the cat. 

^^The parenchyma is divided by septa of fibrous tissue into 
small polygonal areas in size and shape, ^en injected with 
Berlin blue, a small ramification of the ducts is found to pene¬ 
trate the isolated group of acini. These subdivisions, or lob¬ 
ule^ often appear completely isolated by fibrous tissue from 
those near by, but when one of them is traced thrbugh a series 
of sections its separation may be uniform, and in places one 
finds the parenchyma of adjacent lobules in. contact. the 
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dividing 8q>ta being incomplete. That these polygonal struct¬ 
ure are actually independent of one another and represent 
units of structure is readily demonstrated by causing an in¬ 
flammatory increse of the interstitial tissue. If the pancreatic 
ducts of a cat are ligated and the mimal killed at the end of 
two or three weeks, the gland is found to be the seat of a 
chronic interstitial inflammation, characterized by an increase 
of the interlobular tissue. The lobules are completely sepa¬ 
rated from one another by narrow bands of firm, fibrous tissue, 
and occur in sections as rounded, triangular, or polygonal areas 
of parenchyma. 

‘The islands of Langerhans occupy a position near the 
center of the lobule, and in the splenic end of the gland each 
lobule contains an island. In a given section many lobules 
whose limits are more or less distinctly outlined are seen to 
contain islands situated near their center, while in neighbor¬ 
ing lobules such structures may not be discoverable. If, how¬ 
ever, serial sections are studied, every lobule is found to con¬ 
tain an island. Its presence within the lobule is not constant 
in other parts of the organ, and in the extremity of the de¬ 
scending arm of the gland they are very few in number. 

^^he lobules are grouped about the medium-sized ducts. 
The main ducts give off branches approximately at right angles 
to their course. Branching one or more times, a duct forms 
the center of a group of lobules, whidi is usually elon^ted in 
form and tapers to a point at or near the surface of the gland. 
Such lobule groups are separated from one another by rela¬ 
tively wide bands of areolar tissue mudi looser in texture than 
that separating the individual lobules. The lobule groups in 
the fresh state or in tissue macerated a few days in Muller’s 
fluid may be separated from one another by careful teasing. 
In the loose tissue lie the larger ducts, arteries, veins, and 
nerves. An artery and vein penetrate each lobule group in 
company with the duct, and ramify between its lobules. The 
smallest arteries occasionally penetrate the lobules, but usu- 
<'>ily branchra, diminiAing in size, give off capillaries whidi 
i‘nter the lobule and form a dose net-work between the gland- 
:ieini. 

^The capillaries of the idand of Langer^ns form a 
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glomernloB of tortuous, fredy-anastomosing Tesaels, much 
thicker than those between the acini. A single afferent ves¬ 
sel like that of the glomerulus of the kidney does not enter 
this group of dilated capillaries, but numerous anastomoses 
make it continuous with the interacinar capillaries. When 
Berlin blue is injected through the aorta into the* arteries of 
the pancreas, it not infrequently happens that in portions df 
the gland which are poorly injected the vessels of the island 



Caioba-Lccida Tracimo or thb Loboui BouNOAsns nr 
Oiia OF A aBBini OF Bacnom fbom Tna Bpijinic Bmd of a 
Cat’s Pakcrbab. 

The majority of the lobulea are well deSned. Those marked d, 
e, f, g, and k are poorly ontllned, but are found to be more readily 
disUngniebable when traced through the aeries of seerettona. The 
lobulea, which are lettered (a to o), were traced through the 
aeries, and each was found to contain an Island of Langerhana alt- 
uated near Its center. The edition pasaea through the Island In 
lobulea a, c, f, /, and a. (Eugene L. Ogle.) 

are filled with the injected mass, while the surrounding capil¬ 
laries are, lor the most part, empty. If instead of soluble 
Berlin blue a'granular injection mass—for example, cinnabar 
or ultramarine blue—is us^, the islandB may be injectyd, while 
the interadnar capillaries contain little of the injected mate¬ 
rial. The glomer^r net-work is in very free communication 
with the Bmallest arteries, and apparently has a richer blood- 
supply than other parts of the lobule. 
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''In the human pancreas lobules and lobule groups are not 
PC regularlj arranged as in the cat. But both structures are 
more or less clearly definable. The lobules vary much in 
fiize, and are usually not clearly separated from one another. 
Though an. island of Langerhans is often situated, in the cen¬ 
ter of a more or less clearly defined lobule, no constancy of 
position is discoverable. The lobule groups are separated by 
relatively wide bands of loose areolar tissue in which are con¬ 
tained the medium-sized ducts, the blood-vessels, and the 
ncrvjss. Within a lobule group the arteries and veins, which 
are side by side, do not, as in the cat, accompany the ducts.” 

The multiplicity of facts reviewed in the foreg)ing pages 
and the intricacy of the whole question make it necessary to 
collate and group in logical sequence the salient features of 
each subject discussed, in order to render a fruitful compari¬ 
son of ^eir. merits possible. Not only are we required to 
analyze the questions involved in the light of the solid data 
that the last forty years have furnished,—i.e., since Schiff 
first studied the relations between the spleen and the pancreas, 
—^but all these must likewise be sustained by, and be in a(KX)rd 
with, the functional mechanisms of the organs involved as I 
interpret them if my own views are well founded. If they are, 
they must necessarily assist us greatly in elucidating the 
various problems, physiological and pathological, to whidb ref¬ 
erence has been made, since the very elements which they in¬ 
troduce bear upon a predominating factor in all these proc¬ 
esses: i.e., oxi^tion. To this subdivision of the subject we 
will, therefore, turn our attention. 

Gan we ascribe to oxygen, or rather to the oxidizing sub¬ 
stance of the blood, the conversion of pancreatic trypsinogen 
into trypsin? We We seen that in both the spleen and pan¬ 
creas tile oxidizing substance seems, as elsewhere, to play the 
main functional rdle; the extrinsic and intrinsic vessels are 
disposed in a MTnila i* tnaiiTifiT as regards their nervous rela¬ 
tions, and vasodilation calculated to increase the flow of 
l)lood through both organs is similar. Moreover, we have seen 
that in the spleen the dilation incident upon malarial in¬ 
toxication could be traced to the adrenals,—^the primary source 
of excessive oxidation,—^while in toxic glycosuria we obtained 
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as dear evidence that overactivity of ihe coold also 

be ascribed to these organs. Again, the ease with which oxy¬ 
gen is thong^t to convert trypsinogen into trypsin—a mere 
current of oxygen through a solution of qrmogen sufScing to 
produce trypsin—has been fully emphasized. Besides Heiden- 
hain’s labors in this connection, we need but recall Schifl’s ex¬ 
periment with the two halves of a pancreas, one of which was 
infused at once and the other left exposed to the air a day, 
with the result that the latter alone proved active; and also 
that of Herzen, in which an infusion of active spleen miroiq 
with an infusion of inactive (hence zymogen-laden) pancreas 
proved very active, while' a pancreatic infusion mixed with one 
of inactive spleen digested nothing. Heidenhain ascribed to 
oxidation the conversion into trypsin, in this experiment. In¬ 
deed, when we consider the wealth of oxygen in the blood 
supplied the pancreas, direct from the lunge via the coeliac 
axi^ it would seem as if it should be the predominating factor 
of the conversion processes involved. 

And yet, the oxidizing substance being a constituent of 
the blood-plasma, it would have to penetrate into the ducts 
per as and as oxidizing substance in order to carry out the 
required reaction. There is no evidence that a direct chan¬ 
nel, such as there is in the spleen, by means of whidi the 
capillaries directly pour their blood into the secreting struc¬ 
tures, exists. As may be seen in the annexed illustration, the 
splenic vends actually terminate in the latter; *‘thdr walls 
become mudi attenuated, lose their tubular diaracter, and the 
cells of the lymphoid tinue of which they are composed be¬ 
come altered, presenting a branched appearance and acquiring 
processes which are directly connected with the processn of 
the sustentacular cells of the pulp.”»» 

Nor is there evidence that canaliculi sudi as those of the 
hepatic cdl exist by means of which the blood-plasma or its 
contents may directly find their way to a structure correspond¬ 
ing to bile-channels, which in the panems would bo repre¬ 
sented by the ducts. Langerhans long ago demonstrated that 
canaliculi were present in the lobules between the epithelial 
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cells, but these, beside being pyriform, terminate aa blind 
])oudies, with their orifice directed toward the glandular lumen. 
Saviotti also found th^ minute,, delicate, poi^ch-like cbf^. 
tiels. Bamdn j Cajal^ usii^ the <9olgi "method, foun^^^^ 
tiiej sent ofishoots into the cells themselres, but that these 
also ended as blind pouches, their ampullar dilations never 
reaching beyond the line which separates the granular portion 
of the cell from the clear area. It is evident that these con¬ 
stitute collecting channels for the products of glandular metab¬ 
olism: a further indication that no free chaimel between tlie 
blood-etream and the ducts exists. 

Indeed, experimental proof to *this effect is available: 
When the histological examinatiohs of Kiilme and Opie were 



Tbrxikation or Skali. BLOOD-vasBXLB IN THS 8PI.BBN. (Cray.) 
a. Small artery. S, Vesael undergoing lymphoid change, e, Veseel 
continuous with supporting cells, d. Supporting cells. 

mentioned on page 394, it was noted tliat material injected 
into the duct of the gland did not penetrate the islands of 
Langerhans. If, on the other hand, Opie^s observation that 
injections of Berlin blue often filled the vessels of the island 
per 86, leaving the majority of surrounding capillaries empty, 
is considered in this connection, it is evident that there can 
be no direct communication between ducts and blood-stream 
through either the islands of Langerhans or the glandular 
lobules that contain them. This involves an all-important 
deduction, however, viz.: that the splenic ferment, as well as 
the oxidizing substance, merely passes throu^ the pancr^ 
in transit, the latter, in its usual capacity of reagent^ being 
intended only to activate function. 
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Bnt hov. Tinder these circumstances, can we account for 
the experimental results reached by SchiS and Herzen, Heiden< 
hain, Ldpin^ Fadion and Gachet, and Popelski? AU these 
obserrers in one way or another have unquestionably shown a 
direct relationship between the blood-serum and trypsinogen, 
Heidenhain and Popelski considering oxygen as the convert¬ 
ing agency, with solid experimental data to sustain them; 
Schiff, Herzen, and the other investigators mentioned attrib¬ 
uting to the splenic ferment the same mission, with equally 
strong experimental backing. How account, for example, for 
the results observed in the following experiment of Herzen’s? 
Two fasting dogs, having received all the meat they could eat, 
were at once submitted to ligation of the pylorus, bile-duct, 
and jejunal end of the duodenum, and also, in one of the dogs, 
of the hilum of the spleen. Albumin having been introduced 
into the duodenum, Iwth dogs were killed after seven hours. 
In the dog with ligated splenic hilum the albumin was intact; 
in that in which the splenic vessels were free, the albumin had 
disappeared. This and other experiments to which we have 
referred may, indeed, be said to prove—-whichever be the pre¬ 
vailing converting agency—that a communication between the 
blood-channels and the ducts exists. 

We have seen that there is no evidence to show that the 
acini in direct communication with the ducts also open into 
the blood-vessels; th^, as elsewhere, form a close-net-work 
around the adni, but they do not open into the blind pouches 
of the latter. Could the communicating channels traverse the 
islands of Langerhans? That these oigans do not possess such 
channels or even ducts has been shown by Dogiel,'* who studied 
this question in a well-preserved human pancreas treated by 
the chrome-silver method, and in which the gland-ducts, “even 
in their finest intra-slveolar bran<die8, were well stained.” Yet 
these structures possess morphological characteristics that are 
suggestive. Dogiel, for example, found that they possessed 
relatively large capillaries located in the cellular trabecule. 
All investigators seem to agree upon the xmusud size of those 
vesads. Elihne and Lea define the islands as “glomerular 
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structures composed of dilated md tortuous capillariles.” Opie 
calls them “vascular islets’* which are in “very free commu¬ 
nication with the smallest arteries and apparently have a 
richer blood-supply than other parts of the lobule.” That 
these dilated arteries are possessed of special functions is sug¬ 
gested by the fact that, “if, instead of a solution of Berlin blue, 
a granular injection mass—^for example, cinnabar or ultra¬ 
marine blue—^is used, the islands may be injected, while the 
intra-acinar capillaries contain little of the injected material.” 
They appear to constitute alveoli or ampullss rather than true 
vascular channelsj in which what blood passes through them is 
submitted to some kind of process. 

An interesting feature in this connection was noted by 
Opie, viz.: the fact that the cells of the islands of Langerhans 
arc in some instances continuous with the regular glandular 
elements of the organ, in such a manner as to prolong the 
ducts of the latter by encircling them. “Occasionally,” says 
llie author, “one sees, apparently within the islands, cells ar¬ 
ranged, as in the acini, about a central lumen, and, indeed, 
in many instances, it is difficult to convince one’s self that they 
do not form part of it.” This intimate relationship between 
tlie two sets of glandular elements is further emphasized by 
the manner in which their capillaries are related. While the 
smaller arteries or arterioles ramify between the lobules and 
supply the net-work of capillaries to the acini, they also com¬ 
municate with the tortuous and dilated vessels of the islands 
of Langerhans; so that the latter, as regards their vascular 
relations, really constitute glomerular expansions and offshoots 
of the regular acini’s blood-channels. We thus have two sets 
of superposed glands around a common duct, the upper, or 
common acini, pouring their own secretion (or granules) into it 
through their microscopical ducts; the lower, those of the 
islands—^possessed of no ducts or other oriffees—^presenting 
their dilated capillaries or alveolar walls so as to cause them 
to face, and perhaps slightly project into its lumen. If wc 
now replace by on active circulation through all these vessels 
the cinnabar or ultramarine-blue injections referred to above, 
the accumulation of the latter in the islands distinctly points 
to a similar process during life: t.e., accumulati(m of blood and 
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its nonnal result (with narrower blood-irasBdB at each end of 
the glomerulus) : centrifugal premure. 

If we now conjoin Opie*s remark--**the impression ie pro¬ 
duced that the columns of the island are in continuity with 
cells having an acinar arrangemenf*—and Mall’s observation, 
in his study of the microscopical anatomy of the spleen,—that 
"the ampulls and venous plexus have very porous walls which 
permit fluids to pass through with great ease . . —^it 

seems probable that we hold the key to the situation. Indeed, 
what have we in the dilated glomerules of capillaries of the 
islands of Langerhans but vascular ampullse? Centrifugal 
pressure under the circulatory conditions mentioned can have 
but one result: i.e., filtration of the hlood-fivide through the am¬ 
pullar walls and into the ducts. 

It is, perhaps, unnecessary to point to the fact that, be¬ 
sides being the only functional mechanism warranted by the 
anatomical structures preLeni, it also meets aU the require¬ 
ments of the well-founded experimental data adduced. The 
precision with which it semns to harmonize the two seemingly 
antagonistic features of the general function represented— 1.0., 
the Schifl-Herzen spleno-pancreatic process and the Heiden- 
hain zymogen-oxidation process—^is also noticeable. If it is also 
realized that all these elements of the general function now fall 
sequentially in the normal order of tiieir physiological use¬ 
fulness, it will become apparent that I must have reached a 
solution—that submitted below—worthy of confidence:— 

1. The splenic ferment secreted into the splenic vein is car¬ 
ried to the portal vein and hy this vessel through the liver, thence 
hy the hepatic vein to the inferior vena cava, and after passing 
through the cardiopulmonary ciretdt is distributed throughout 
the entire organism. 

2. The quantity of splenic ferment distributed to the pan¬ 
creas is proportionate to the amount of blood carried thereto by 
the pancreatic subdivisions of the splenic artery, and represents 
but a fraction of that supplied to tAe general circulation. 

S. The splenic ferment distrihuted to the pancreas follows 
the course of its blood-rhannels. and is distributed to the cel¬ 
lular elements of the organ dissolved tn the blood-plasma. 

4 . On reaching the cellular elements, &e plasma, through its 
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oxidizing substance (adrenoxidase), insures functional metabo¬ 
lism of both glandular structures present,—the lobular acini and 
their immanent structures, the islands of Langerhans,—iphich 
metabolism, during the passive, or inactive, state of the organ, 
ends in the formation of the secretion granules. 

6. When at the end of the fourth hour of general digestion 
the pancreatic ferments are required m the intestincA caned, the 
vagus incites, sustains, and governs the functioned activity of 
both the pancreas and the spleen, and thus insures their syn¬ 
chronous action as long as the pancreatic ferments are needed. 

6. Intrinsic-nerve fvagalj dilation of the arterioles that 
supply both the pancreatic lobules and the islands of Langerhans 
with capillaries constitutes, as elsewhere, the mechanism through 
which glandular activity is sustained) but, the islands’ vascular 
ampulUs possessing no muscular layer, they become the seat, 
owing to their large size, of sufficient blood-pressure to cause the 
blood-plasma and its contained splenic ferment and oxidizing 
substance (adrenoxidase) to filtrate through their walls. 

7. Some lobules are entirely composed of true secreting 
cells;'others contain, besides, islands of Langerhans. In-the 
latter lobules the secretion, Siersfore, consists of two different 
bodies: the granules of the true secreting cells and the blood- 
plasma derived by filtration from the i^nds. 

S. The true secreting cells and those of the island being in 
continuity and surrounding a common lumen (Ope), bath 
bodies — (1) the zymogen, or trypsinogen-f arming, granules, and 
(2) the plasma containing the splenic ferment and the oxidizing 
substance (adrenoxidase) meet in this common lumen, which 
connects with the terminal ramifications of the pancreatic duct. 

This is about as far as we can p^eed at present, since we 
can only surmise that, as soon as the products referred to meet 
in the glandular lumen, the splenic ferment at once converts 
the tiypsinogen granule into liquid trypsin. Interesting in 
this connection, however, is the fact, observed by Laguesse, 
that **long before the pancreas begins its functions as a digestive 
gland granule accumulate in the internal zones of the cells; 
and when these come into contact with the blood a portion of 
them appears as though dissolved/’ As is well known, this is 
predaely what happens even in true acini that do not belong to 



406 INTBRNAL SBCRBT10K8 OF PAMCBBAS AMD dirtiSaN. 

lobnlee supplied with islands. When secretory activity occurs, 
the granules of the inner zone of the cells simply disappear in 
the central lumen; but how and in virtue of what agency, they 
are transformed into secretion at this point has not been de* 
termined. In the lobule supplied with islands of Langerhans 
the effused serum more than satisfies this feature, since it sup¬ 
plies two agencies thought to be capable of converting the 
granules into trypsin; but what of the lobules deprived of 
islands? How are thm granules converted? 

To answer thrae questions we must first ascertain which 
of the ferments credited to the pancreas can be shown to orig¬ 
inate in the true acini. We have seen that, when the hilum 
of the spleen is ligated and no splenic ferment can find its way 
to the blood, the digestion of albumin ceases. It is, therefore, 
evident that, in accordance with Herzen’s view, the splenic 
ferment is a me qua non in the process throng which tryp- 
sinogen is converted into trypsin. But why does the oxidizing 
substance not continue the conversion after ligation of the 
splenic hilum? There is but one answer to this, viz.: Herzen’s 
zymogen and trypsinogen are not similar bodies; while zymogen 
is converted into some pancreatic ferment by oxygen, trypsino¬ 
gen is not, and always'requires the splenic ferment. 

To illustrate this fact we submit, in extenso, two of Oachet 
and Fachon’s experiments, performed to show that it was the 
spleen’s ferment, and not its haemoglobin, that converted pro¬ 
trypsin, which they term *‘proferment.” Believing that zymo¬ 
gen, which, as shown by Heidenhain, is very greedy for oxygen, 
and ‘^roferment” are the same bodice, their aim is to prove 
that, injected in arterial blood, pancreatic ferments cannot 
bo converted into trypsin therein. But, interpreted from our 
standpomi^ — since the blood contams oxidizing substance 
which zymogep would readily take up,—these experiments 
prove that s^mogen and their proferment (trypsinogen) differ, 
as stated. 

"As the preferment of the pancreas becomes very easily 
transformed into trypsin under tiie influence of oxy^,” say 
Oachet and Pachon, "it seems possible that splenic extracts, 
intensely colored by the hssmoglobin, should owe their tryp- 
sinogenous power to the fixed oxygm of hsemoglobin whi^ 
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they hold in solution. If such is the case, arterial blood, richer 
in oxygen, should render a pancreatic infusion containing the 
proferment more active than venous blood. A. Herzen has 
already studied this question and antagonized it by means of 
appropriate experiments. On our side, we have tried to ascer- 
t^ the value of this opinion in the following manner:— 

"Experiment 11 .—The pancreas of a fasting dog was al¬ 
lowed to macerate two hours in ten times its volume of a 
saturated solution of boric acid. By decantation, SOO cubic 
centimeters of the maceration liquid were taken and distrib¬ 
uted among four flasks: A, B, C, and D. 

*"£o A were added 20 cubic centimeters of deflbrinated 
arterial blood (obtained from the fasting dog). 

B were added 20 cubic centimeters of deflbrinated 
venous blood (obtained from the fasting dog). 

^‘To C were added 20 cubic centimeters of congeaied spleen 
(aqueous maceration). 

^‘To D were added 20 cubic centimeters of distilled water. 

*These flasks, in each of which was introduced 1 cubic 
centimeter of albumin, were then placed in the oven at 39" C. 

"At the end of 4 hours beginning digestion was observed 
in flask C; villosities appeared on the surface of the cube of 
albumin, which continued to be attacked in an energetic 
manner. 

"A and B, after remaining in the oven 24 hours, did not 
show very clear traces of digestion. Their cubes of albumin 
presented slightly less riiarp projections, and their angles were 
more rounded. The cube in flask D was slightly attacked. 

"Experiment III.—^The pancreas of a fasting dog was 
divided into three parts and triturated: the flrst alone; the 
second with 20 cubic centimeters of femoral arterial blood; 
the third with 20 cubic centimeters of venous blood, taken, 
as was the former, from a fasting dog. These were placed in 
flasks A, B, and C, containing each 150 cubic (»ntimeters of 
boric-acid solution. After remaining 2 hours in the ovm the 
peptonizing power of the decantation liquids was tried. Their 
proteolytic action was very slow; the first signs of digestion 
had appeared: in A after 16 hours of oven; in B and C after 
20 hours. Digestion was not further advanced in the fla^ 
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containmg arterial blood than it was in that containing Tenons 
blood. 

"It can be seen that in these two experiments arterial 
blood showed itself as inactive as venous blood. One cannot, 
therefore, ascribe the unquestionable action of the extract of 
congested spleen upon the pancreatic profeiment to the oxy¬ 
gen of splenic tissue.” 

There is one feature in this connection, however, which 
requires elucidation: the influence that the use of fasting dogs 
might have had on the experiments. We have seen that under 
these conditions suprarenal activity becxunes reduced; the 
blood may, therefore, contain but a minimum of oxidizing 
substance. Herzen performed an experiment which not only 
confirms our conclusion that zymogen and trypsinogen are not 
identical bodies, but also shows that fasting does not influence 
the results just given.. As Herzen’s experiment has already 
been reviewed at length, we will only reproduce its salient 
points. The pancr^s of a fasting dog (hence ridi in tryp¬ 
sinogen and other ferment-forming agencies) was infused in 
glycerin, and this in turn was mixed with eight samples of 
blood (bled directly in double its quantity of glycerin), four 
being taken from a fasting dog and four from a dog in full 
digestion with its spleen greatly dilated. The four samples 
were taken in both animals from the femoral artery, the 
femoral vein, the splenic artery, and the splenic vein. Fibrin 
was then added to each sample. "After 1 hour there was still 
no* trace, of digestion under the influence of the femoral blood, 
arterial or venous, nor of the splenic arterial blood of the 
fasting dog; first traces of digestion were beginning to mani¬ 
fest themselves under the influence of the splenic venous blood 
of this, animal. Digestion was rather advanced in the case of 
tile femoral arterial and venous blood and splenic arterial 
blood of the digesting dog; the fibrin had almost entirely dis- 
appmred under the influence of the splenic venous blood of 
the same animal.” This seems to us to confirm not oidy the 
view held by Herzen, tiiat the splenic ferment is the only 
agency capable of converting trypsinogen into trypsin, but 
also that trypsinogen does not, like s^mogen, possess affinity 
for oxygen. 
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This may ba farther demonstrated by showing that orygoi 
does ensi in the blood, and that if we were dealing witb 
zymogen it woold be oxidized thermn. The oxidation of sngar 
converted from glycogen, we have seoi, represents the main 
factor in the production of functional energy in the muscles 
and other structures. That sugar occurs in the blood nor* 
mally, but in small quantities, its combustion •therein depend¬ 
ing mainly—as in toxic glycosurias—upon suprarenal activity, 
we have also seen. The more these organs produce of their 
secretion, the greater is the proportion of oxidizing substance 
in the blood, and suprarenal insufficiency means a corrrapond- 
ing increase of sugar in the blood through imperfect oxidation. 
Hen(» the oxidizing substance is a sugar-destroying agency. 

That an agent capable of consuming sugar exists in the 
blood was ascertained by L6pine in 1889, who named it "glyco¬ 
lytic enzyme.” Howell, referring to this substance, says: ‘Tt 
has been asserted by L4piae and Banal that there is normally 
present in the blo<k an enzyme capable of destroying sugar. 
Their theory rests upon the undoubted fact that sugar added 
to blood outside the body soon disappears." This obviously con¬ 
stitutes another proof of the existence of oxidizing substance 
in the blood. 

Howell, referring also to the supposed source of Lupine’s 
glycolytic mzyme, says, referring to the pathogenesis of glyco¬ 
suria: *^he most plausible theory suggested is that the inter¬ 
nal secretion produced contains a special enzyme, glycolytic 
enzyme, whose presence in the blood is necessary for the con¬ 
sumption of sugar. Such an enzyme may be obtained from the 
blood, but it is not proved whether it is a normal constituent 
or whether it is produced after the blood is shed by the dis- 
int^pration of some of ito corpuscular elements.” . . . "It 
is interesting and suggestive to state, in this connection, that 
post-mortem ftTutwiiiiitinin in cases of diabetes mellitus in the 
human being has shown that this disease is associated in some 
instances with obvious alterations in the structure of the pan¬ 
creas.” That the glycolytic enzyme is, as oxidizing substance, 
a nonnal constituent of the blood is obvious; but the inter- 
osting feature to determine now is whether, as believed by 
L^ine, the pancreas is the source of the ferment, since, if if 
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were, it wo^d constitute an additional factor in ibis organ's 
physiological functions. 

To whidi of the two pancr^tic actiye structures can we 
hypothetically ascribe the formation of the glycolytic enzyme? 
lAtguesse” has ascribed this function to the islands of Lenger- 
hans. That these structures underlie some physiological proc¬ 
ess in addition* to that already analyzed by us is undoubted. 
The fact that they contain large nuclei shows that they are 
physiologically active. “The cells composing the islands re¬ 
semble those of the acini/' says Opie; “they have a large, 
round, occasionally oval, vesicular nucleus and a conspicuous 
cell-body." They must produce some ferment or its zymogen, 
for Ssobolew found that feeding animals on carbohydrates 
caused them—t.s., their protoplasm—^to become granular. 
This is indirectly confirmed by the fact that these bodies arc 
often found diseased in diabetes. They had entirely disap¬ 
peared in two of Ssobolew’s cases. In a case of Opie** hyaline 
metamorphosis was strictly limited to the islands of Langer- 
hans the glandular acini remaining intact. Flexner*^ refers 
to this cause of diabetes as follows: *"rhat it depends upon an 
internal secretion supplied by the pancreas to the blood is 
highly probable. Whether this hypothetical secretion is the 
product of the cells of the islands of Langerhans is unproven." 

The data bearing upon this source of diabetes are very 
few,—an unfortunate fact, since these particular structures 
seem to us to play the predominating rdle in the production 
of glycosurias of pancreatic origin, now that we have ascer¬ 
tained that they are, through their ampuUse, the only thor¬ 
oughfares for the splenic ferment. Still, can we, with Laguesse, 
now consider them as the source of a glycolytic ferment? Were 
we to admit this possibility, we would find ourselves obliged 
to concede that the pancreas supplies the int^tinal tract with 
a glycolytic ferment besides an amylolytic ferment, and we 
would have, as a result^ the formation of maltose from food- 
starches and its immediate destruction by the glycolytic fer- 
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meat, thus annulling the veiy important functianB of sugar in 
the economy. 

It is plain that the islands of Langerhans are not the 
source of a glycolytic ferment. Of course. Professor L6pine 
has never, that we know of, sustained this view, his contention 
l)eing simply that the normal pancreas contains a glycolytic 
fcnnent which finds its way into the lymph and blood, in which 
it controls the consumption of sugar by the tissues. And his 
experimental evidence, in the light of our views, shows this 
to be the case, since it all goes to prove that the oxidising 
substance which enters the pancreatic circulation is a glyco¬ 
lytic body. This does not mean that it acts therein as such; 
indeed, the organic cells at once take up its oxygen for their 
own functional interchanges, the blood returning to the splenic 
veins as venous blood. But it is nevertheless obvious that Lupine 
should have experimentally found, as he says, a glycolytic fer¬ 
ment in the pancreatic blood. All we show, therefore, is that 
Lupine’s glycolytic ferment is probably the oxidizing substance. 

But why should disease of the pancreas under these cir¬ 
cumstances increase the proportion of sugar in the urine: a 
feature which Lupine ascribed to decrease of sugar destruction 
and to the fact that ^%ese lesions decrease the source of the 
glycolytic ferment in the economy^*? From our standpoint, 
of course, the adrenals are the original source of the oxidizing 
substance: i.e., adrenal secretion plus oxygen. But does this 
accoimt in an equally satisfactory manner for glycosuria? 
This introduce a very important feature of the raxtire analysis, 
one, indeed, bearing upon the pathogenesis of all forms of pan¬ 
creatic diabetes. 

We have previously referred to the fact that disease of 
the islands of Langerhans had been found to be a prominent 
causative factor of diabetes by various pathologists, and that 
Opie had witnessed a case in which these islands alone were dis¬ 
eased. This obviously pointe to the fact that, if in accordance 
with OUT view the ampulla of the islands are the pathways of 
the Schiff-Herzen splenic substance to the ducts, we are dealing 
either with obstruction or impaired conversion of trypsinogen 
into trypsin, or both simultaneously. If, bearing this feature 
in mind, we review tiie list of pancreatic diseases that cause 
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glycoeoria, it will become apparent that these two factors ac¬ 
count for the phenomena obseryed in many cases: calculi, 
lipomatosis, hypertrophy, tumors, induration, and pariglandular 
sclerosiB. Atrophy,—a condition which in ilself implies func¬ 
tional impairment,—<m the other hand, constitutes the major¬ 
ity of the remaioing pathological processes encountered'post¬ 
mortem in this organ. 

But the question which now imposes itself is this: Why 
and. how does a condition that interferes with the conversion 
of tiypsinogen into trypsin or that impedes the passage of the 
latter to the intestinal foodstuffs cause diabetes? The answer 
now seems plain, viz.: because insufficiency of trypsin is fol¬ 
lowed by imperfect reduction of proteids to simpler bodies, re¬ 
sulting in the formation, or inadequate splitting, of toxic albu¬ 
minoids. In other words, impaired pancreatic action of the kind 
mention^ gives rise to toxic glycosuria. 

Our interpretation of the general subject seems again to 
conciliate antagonistic views. Indeed, while lApin^” has 
affirmed that "the pancreas exercised a glycolytic influence,’* 
Chauveau and Kaufmann have held the opposite: i.e., that 
"glycolysis is not diminished in diabetra, and that diabetes is 
exclusivdy due to an increase in the production of glucose.” 
We have shown that the arterial blood of the pancreas does 
contain a glycolytic body,—^the oxidizing substance,—but we 
have also—by our analysis of Cartier’s paper' and other data— 
demonstrated that suprarenal overactivity was the underlying 
cause of toxic glycosuria: i.e., a source of increased production 
of sugar. To further sustain this fact, we may recall that the 
coal-tar products, as already stated, possess a marked tendency 
to inhibit the functions of the adrenals, Isufficiently, in some 
instances, to produce blood-disintegration. lApine has himsdf 
observed that methsemoglobinuria could follow the use of anti¬ 
pyrin. This remedy is now classed among the most active 
agents at our disposal for the reduction of glycosuria. A 
remark of Professor Ldpine proves this to be the case in 
another way. Beferring to experiments conducted with the 
collaboration of Porteret, he says, r^arding the action of 
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antipyrin, that, the cases in arhich it excises an anti¬ 

diabetic action, this substance acts, not by activating the de¬ 
struction of sugar, but hy preventing its formation**** This is 
due, as explained in the second volume, to the fact that anti¬ 
pyrin excites a center (the sympathetic center, also described 
in the second volume) whose purpose is to cause constriction 
of the arterioles after, as we have seen, they have been dilated 
by a cranial nerve. Antipyrin thus produces general constric¬ 
tion of the arterioles, and the blood admitted into the adrenals, 
pancreas, and liver—^the main organs involved in diabctra— 
being reduced, the “formation” of sugar is actually prevented. 

In view of these facts, what is the nature of the product 
the existence of which the prominent nuclei and the granules 
observed in the protoplasm of the islands indicate? This is 
elucidated by two other feature just brought out, namely: (4) 
that glycosuria may be the result of intoxication by toxic 
albuminoid bodies* incident upon an insufficiency of trypsin, 
and (5) that disease limited to the islands, as shown by Opie, 
can cause glycosuria. It is plain that, in the latter case, the 
permeability of the ampulla! being alone compromised, the 
pancreatic lobules that contain no islands are free as to the 
elimination of their secretion into the ducts. If they produce 
trypsinogen,—i.e., trypsin,—why arc the functions of the latter 
inhibited or absent as indicated by the glycosuria? The only 
logical answer to this question is that the islands of Langerhans 
alone secrete trypsinogen. 

This fact, when added to others reviewed, normally leads 
to another deduction: i.e., that, in addition to any other func¬ 
tion it may possess, the spleen and the islands of Langerhans 
are functionally united in the formation of a ferment, — trypsin, 
—which is able to digest albuminoid bodies tn the bloodstream. 

We can now readily understand why the spleen and the 
pancreas are so intimately connected through their nervous 
supply. Indeed, this throws light upon a phenomenon which 
we approach almost with diffidoice: i.e., Claude BemaM’s 
experimental glycosuria obtained by puncturing the medulla 
oblongata. ^That pathological conditions of the central nerv- 
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ouB system and perhaps of the sympathetic and larger periph¬ 
eral nerves may give rise to glycosuria and diabetes is, of 
course, established/* says Flezner.^ **The number of neu¬ 
ropathic conditions in whidi one or the other of these has 
hem found is now considerable. The one definite condition, 
the effect of which is constant, is Olaude Bernardos ptgure, and, 
as bearing out the physiologic^ relationship existing between 
certain unknown structures in the fioor of the fourth ventricle 
and the glycogen-store in the liver, may be cited the instances 
6f lesions (hBemorrhages, softening, tumors) in man observed 
in this situation with whidi glycosuria has been associated. 
That cerebral and perhaps spinal disturbance other than those 
in the region of the fourth ventricle may be associated with or 
followed by diabete many clinical cases prove. On the other 
hand, there is no evidence that would show that it is the direct 
infiuence of the central nervous system upon the carbohydrate 
metabolism that produces hyperglycsemia and glycosuria. In¬ 
deed, the experiments in which the splanchnics were sectioned 
after piqdre (Claude Bernard and others) without producing 
glycosuria show the necessity of the interaction of other or¬ 
gans.”** 

Bead in the light of all we have said,—^particularly the 
allusion to the relationship between the medulla and the 
suprarenal glands through the splanchnic,—these lines, from 
BO competent an observer as Flexner, and which confirm those 
of Cartier as to the action of section of the splanchnic, seem to 
us to afford confirmatory evidence based upon fhe most solid 
labors of the last half-century and to embody Claude Bernard’s 
own sanction. To analyze their far-reaching meaning would 
involve the repetition of what has been said in all this volume. 
Formulated as a deduction, the functional relationship between 
the fioor of the fourth ventricle and glycosuria would be as 
follows: Puncture of the floor of the fourth ventricle (Claude 
Bernard) causes glycosuria because the increased hlood-supply in 
the injured area incident upon the local reparative process cprre- 
spondingly excites the normal structures around this area. As 
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these strwturea include nerve-fiben which govern the adrenah, 
these organs are stimulated and glycosuria is produced by iheir 
secretion. 

What we might term the intrinsic functions of the pan¬ 
creas have now been analysed; the importance—also in con¬ 
junction with the spleen—of its extrinsic functions must now 
be inquired into. Foster states that “a pancreas taken fresh 
from the body, even during full digestion, contains but little 
ready-made ferment, though there is present in it a body which, 
by some kind of decomposition, gives birth to the ferment.** 
. . . To this body, this mother of the ferment, which has 
not at present been satisfactorily isolated, but which appears to 
be a complex body, splitting up into the ferment, which, as 
we have seen, is, at all events, not certainly a proteid body, 
and into an undeniably proteid body, the name of zymogen 
has been appliM. But it is better to reserve the term zymogen 
as a generic name for all such bodies as,* not being themselves 
actual formats, may by internal changes give rue to ferments, 
—for all ‘mothers of ferment,* in fact,—and to give to the 
particular mother of the pancreatic proteolytic ferment the 
name trypsinogen.” In other words, and in accord with pre¬ 
vailing custom, each zymogen is named from the ferment it 
produces: the zymogen of trypsin being “trypsinogen”; that 
of pepsin, “pepsinogen,** etc. It is therefore permissible to 
use the term “amylopsinogen** as the main product of the true 
lobular acini to differentiate it from trypsinogen, the product 
of the islands of Langerhans, reserving the term zymogen as 
a generic term for all pancreatic ferments. As “zymogen** 
under these conditions, it preserves characteristics attributed 
to it by Heidenhain; it is soluble in water,, in which it is split, 
after exposure to the air, into trypsin, etc. (Charles). The 
conversion of trypsinogen into tiypsin has been ascribed to 
oxygen; but if my views are sound and the former is the 
normal product of the islands, the portion distributed through 
the pancreatic ducts is intimately combined with the splmiic 
ferment in the ampnlln as tost as formed, so that it can never 
be obtained as trypsinogen. Hence, oxygen will split zymogen 
into trypsin, etc.; but trypsin is not oxidized trypsinogen. 
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We lure followed the ooaree of the bh)od from the iplenic 
Tein and back again to the q>lenic artezy which aapplies 
branches to Ihe pancreas and we have seen that on its way 
through the latter the arterial blood surrenders its oxygen to 
the cells and its splenic substance to the islands. The domi¬ 
nant feature of the extrinsic functionB of the pancreas is its 
power to destroy albuminoid toxic bodies, and it is erident 
that the splenic ferment, the misrion of which is merdy to 
unite with trypsinogen to form trypsin, cannot do this al<me. 
It is trypam that constitutes the antitoxic body, and it is the 
pancreas, therefore, that supplies it to the organism. How 
does it penetrate the general blood-stream? 

Now that we have ascwtained that the islands of Langer- 
hans are the seat of manufacture, as it were, of at least a part 
of this antitoxic agency, and that it collects (combined) in the 
ampullse, the manner in which the general circulation becomes 
supplied with it is dear: the quantity that permeates 

through the ampullar walls is but a portion of their contents, 
and the rest is swept away with the blood and reaches the 
splenic vein through the pancreatic veins. But this does not 
mean that trypsinogen may not be carried alone in the same 
manner to the q)lenic vein and therein combine with the 
splenic ferment to form trypsin. In fact, this must constitute 
the prevailing process, if ^e anatomical distribution of the 
islands of Langerhans, as observed by Opie, can serve as guide. 

As we Have seen, Opie found that the islands of Langer¬ 
hans were over three times as numerous in the splenic end 
of the pancreas as dsewhere^ and that the part of the organ 
not in communication with tiie splenic vein—the extremity 
of the descending arm—contained none. Moreover, each lob¬ 
ule in the splenic end of the organ was' found to contain an 
island: a very suggestive fact. The tip of the pancreas, which 
is almost in contact with the spleen, thus marks the starting- 
point of the islands; so that trypsinogen begins to enter the 
splenic vein almost at the hilum. Pancreas and splenic vein 
Iwing connected by several short vmious radicles at about 
regular intervals, the blood in the vein must became literally 
saturated with trypsinogen, and its blood bo replete with tryp¬ 
sin when it reaches the portal vein, during the active stage of 
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inteetinoportal digestion. We have seen in Herzen’s experi* 
inent how rapidly albumin was dij^ted with blood obtained 
from the splenic vein daring this stage. 

That the amylolytic ferment derived from Heidenhain’s 
zymogen is also carried to the splenic vein is probable. 1 have 
shown that it was through the effects of this ferment that 
the liver glycogen was converted into sugar, and that the im¬ 
portance of the latter, when distributed to the muscles and 
other structures in which it is consumed, was very great. That 
tlie conversion of glycogen into sugar is a continuous procew 
and that it is independent of digestion are recognized facts,— 
and necessarily so, since the activity of the functions that 
entail ther use of glycogen may at any moment be increased, 
the tiMtues requiring replenishment to a correspondingly great 
degree at the expense of the liver reserve. How could this 
predominating fimction be carried on in the perfect manner that 
it is, were it connected with, or did it depend upon, any digestive 
process? Again, if present views prevailed and tiie amylolytic 
ferment were to only reach the liver after being secreted in 
the duodenum by the pancreas, then absorbed by the venules 
of the villi, how could we account for the conversion of gly¬ 
cogen between the periods of active digestion? That the intes¬ 
tinal tract is not the channel traversed by the portion of pan¬ 
creatic amylopsin devolved to the conversion of glycogen into 
sugar is also suggested by familiar experiments. 

We have seen that the insertion of a piece of pancreas 
into the tissues of an animal showing marked glycosuria, after 
removal of the pancreas, will cause it to disappear. This ap¬ 
parently constitute a direct contradiction of all the foregoing 
statements; but such is not the case in reality. Minkowski** 
confirmed the fact, observed by other investigators, that gly¬ 
cogen quickly disappears after removal of the pancreas. This 
indicate two important feature: i.e., that glycogen is no 
longer formed after removal of the pancres, and that some 
other agency converts it into sugar. Why removal of the pan¬ 
creas diould prevent the formation of glycogen may probably 
he accounted for by the fact that the ab^e of trypsin cause 
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the digestion of albumins in fhe duodenum to cease, as shown 
in fhe Schifl-Herzeh experiments. That the conversion of 
food-HStardies into maltose is also, owing to fhe absence of 
amylopsin, arrested, is evident. The only substitute for this 
ferment available is ptyalin; biit though the salivary secretion 
—at least, its ptyalin—^is quantitativdy increased after removal 
of the pancreas, it is inadequate to convert all the starch 
required to compensate for the glycogen used. The glycogen, 
gradually converted by what ptyalin is swallowed with the 
saliva between meals, therefore disappears. The iact that 
ptyalin converts starch partly into dextrose greatly hastens 
the disappearance of the glycogen, the primary sugar of which 
is mainly maltose. It would seem, therefore, that the glycosuria 
following extirpation of the pancreas is due to the action of 
ptyalin upon foodrstarches. 

That the salivary secretion is gradually increased after 
removal of the pancreas is sustained by experimental evidence. 
Aldehof!** observed that glycosuria only appeared «from 24 to 
48 hours after the operation in turtles; in frogs it only ap¬ 
peared after four or five days, "slight at first, becoming more 
intense later on.** Minkowski*” found that it sets in after two 
or three days in dogs, under the same conditions. Again, dur¬ 
ing its passage through the stomach ptyalin acquires increased 
energy as a ferment. Charles** refers to this question as fol¬ 
lows: "Chittenden and Griswold find that the presence of acid, 
as hydrochloric acid, to the amount of 0.005 per cent, decidedly 
increases the diastatic action, while an increase beyond this 
diminishes it, the action stopping with solutions of acid froin 
0.1 to 0.4 per cent.; the diastatic action of the saliva would, 
therefore, appear soon to cease in the stomach, but the peptones 
in that organ exercise a decided influence on salivaiy digestion, 
stimulating the ferment to increased action, particularly in 
presence of acid, which by itself may completely prevent the 
conversion of starch into sugar.** Mering found that starch 
acted on by saliva yielded dextrin and maltose at first, then 
after some time grape-sugar. 
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Yet, giycoeuria so produced may, we have seen, be pre¬ 
vented by grafting a fragment of pancreas nndef the skin. 
llinkowsH** grafted such fragments in the dog, cai^ and pig, 
removed from the pancreas of these animals. When the graft 
liad become adherent and functionally active, he removed the 
rest of the pancreas. No glycosuria appeared until the grafted 
portion itself had been removed. Besides indicating that 
ptyalin glycosuria prevails* after resection of the pancreas, the 
fact that grafts can preserve normal functions clearly shows 
that the intestinal <mnal is not the only region wherein flit¬ 
ting of carbohydrates and proteids may occur. Each graft 
evidently received its blood through newly-formed vessels. 
This blood doubtless contained splenic ferment, since, as pre¬ 
viously stated, the greater portion of this ferment really enters 
the general circulation via the liver, and ultimately reaches 
the .portal circulation, probably by the hepatic artery, in the 
experimental adimals. Such being the case, it is evident that 
the splenic vein can, besides the intestinal vUli, serve as a channel 
for the transmission of tM pancreatic and splenic ferments to 
the liver. 

Here, agidn, however, we are brought to realize that the 
splenic ferment is not merely a local agency, but one whi(h 
during spleno-psncreatic activity forms part of the entire 
hlobd-stream. I have given striking evidence of this in 
Herzen's experiment with blood taken from various arteries 
nnd veins.. We saw that blood taken from the femoral vessels 
(arterial and venous) of a dog in full splenic digration proved 
active in digesting edbumin, and that the blood of the splenic 
vein 0 was exceedingly active. Indeed, the blood which is so 
active in the pancreas originates from the coeliac axis, lungs, 
heart, etc.,—from the general circulation,—and only con¬ 
tains the proportion of splenic ferment which the entire blood¬ 
stream contains. ■ But a question suggests itself here: If, by 
the combination of trypsinogen and the splenic ferment, iryp- 
dn is formed, is it not trypsin-laden blood that re-enters the 
i'ancreas? Trypsin would re-enter this organ were the relative 
i>roportions of ^e two bodies not regulated by the vagus. As 
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we find that a slight ezc^ of splenic ferment will serve the 
physiological process in ibe pancreas,—to supply the intestinal 
canal,—if we grant the vagus even one-tenth of the truly 
wonderful prerogatives it seems to possess, we can readily as¬ 
sume that, by relating the quantities of either ferment al¬ 
lowed to* enter the blood-stream, it provide just the excess of 
splaaic fennent in the pancreas to insure perfect function 
during the digestive process: all futures which indicate that 
irypnn is a consUtuent of the entire hlooMream when albu¬ 
minoids are undergoing digestion in the almenfarg channek. 

The far-reaching meaning of all this is sug^sted in the 
following deductions:— 

1. The cleavage processes to which trypsin submits cdhumim 
in the intestinal canad include the prelimin^ steps of a pro- 
iective function. 

S. The sj^eno-pancreatio internal secretion is represented 
by the trypsin which reaches the portal vein by way of the 
splenic vein, and which continues in the bloodstream Hhe cleav¬ 
age processes begun in the intestinal canal. 

S, The fijflm function of the spleno-pancreaiic secretion, 
trypsin, in the bloodstream is to protect the organism from the 
effects *of the toxic derivatives of albuminoid bodies of endoge¬ 
nous or exogenous origin, including toxins. 

Since the first and third conclusions were submitted by 
myself in the first edition of the present work (1903), they have 
received independent confirmation in many particulars througli 
the researches (begun in 1905) of Abderhalden,** who coneludetl 
that “each separate cell, witli very few e-xceptions, disposes of 
the same or similar ferments as those secreted by the digestive 
glands in the intestinal canal.” He termed “defensive ferments, 
moreover, a^nts of this class which have for their purpose “to 
bring the so-called reactions of immunity into close line with 
processes that are normal and consequently familiar to the cells. 
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THE ADRENAL SYSTEM IN THE FUNCTIONS OP 
THE HEART AND LUNGS. 

RsFEREKCiei hss repeatedly been made to the functional 
connection between the secretion of the adrenals and the heart. 
Is this connection direct or is it indirect? In other words, is it 
the result of a direct stimulation of the heart-muscle sueh as is 
produced by suprarenal extract, or of the stimulating effect 
to which, the increase of oxidizing processes, including those 
of the cardiac cerebro-spinal centers, give rise? Analysis of 
this question tends to show that both processes prevail simul¬ 
taneously when from any cause the adrenals become over- 
active. 

THE ADRENAL SECRETION AS THE SOURCE OF THE FUNC¬ 
TIONAL ACTIVITY OP THE RIGHT HEART. 

‘ As freshly-oxidu^d blood is constantly being supplied to 
loth sides of the heart, the specific action of digitalis upon 
the right heart to which I have referred cannot be ascribed 
to the oxidizing substance. Again, it would seem that the 
suprarenal secretion itself could hardly be credited with a 
local stimulating action upon the cardiac walls when the thick¬ 
ness of the myocardium is recalled, unless the latter be pro¬ 
vided with channels calculated to insure the penetration of 
the secretion to its deeper tissues. Not only do such chan¬ 
nels exist, however, but they are so disposed as to enable the 
adrenal active principle to permeate the entire myocardium 
and be equally distributed among the contractile. elements. 
The channds to whid. I ascribe such important functiems have 
been known as the "foramina of Thebesius." 

These canals are described in Qray*s "Anatomy” as fol- 
'ows: '*The foramina Thd)esii are numerous minute apertures, 
tlte ^.louths of small veins (venae cardis minimae), which open 
'•n various parts of the inner surface of the auricle. They 
return the blood directly from the muscular substance of the 
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heart Some of these foramina are minute depressions in t’hu 
walls of the heart, presenting a closed eztremii7."' This in. 
formation would afford but little light could we not supplt • 
ment it with an excellent paper by F. H. Pratt* hi which tla* 
nutrition of the heart through the ressels of Thebesius and 
the coronary veins is studied. How much we are indebted to 
the author for his investigations is snggrated by the following; 
remarks: **So far as I have been able to determine, no experi¬ 
mental physiological work has ever before been done on tho 
vessels of Thebesius; all opinion regarding their functional 
importance has rested upon the assumption that they only 
serve as veins; conveying a part of the venous blood from tho 
coronary capillaries through the foramina Thebesii into tho 
cavities of the heart.” 

After referring to the labors of Thebesius (IfOS), Vieus- 
sens (1757), Haller (1786), and Abernethy (1798), the author 
reviews the more modem investigations of Bochdalek,** whicli 
led to the conclusion *^hat the greater number of the small 
openings on the inner surface of the right as well as the left 
auricle, which from early times have borne the name of 
foramina Thebesii, represent the mouths of little veins that, 
often uniting into larger veeaeU, course with many branches 
through the auricular vocAh" Lunger’s researches* on the 
foramina of the human heart are next analyzed. ^‘With the 
aid of the blow-pipe, and by means of a watery injection-mass 
colored with Berlin blue, he demonstrated these foramina in 
all the cavitiee of the heart. He succeeded in injecting the 
vessels of Thebesius not only from the coronary vessels, but 
from the endocardial surfaces as welL Bochddek’s observa¬ 
tions regarding the presence in both auricles of foramina 
Thebesii were thus confirmed, and the fact of a communication 
between the coronary vessels and each of the four cavities of 
the heart was tlioroughly established. The foramina which 
Longer found on the endocardial surfaces of both ventriclei: 
were similar to tliose in the auricles, but much smaller. They 
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«'i're most coiupicaoiis on the papillary muadea and in the 
ueighborhood of iho groat vamlo, being lees eaaily seen in the 
region of the apei^ where th^ were obacnxed by the trabecular 
net-work.” 

Very Buggestive in connection with my own views are also 
tlic observations of Gad* on tbe vessels of Thebesius in the 
o.\, and to which Pratt refers in the following words: *^n the 
method which he describes for demonstrating the action of the 
valves of the left heart, wherein water under pressure is made 
to fill the ventricle and aorta, he noticed that water flowed 
into the right heart from the foramina Thebesii. On illuminat¬ 
ing the interior of the left ventricle he was enabled to see fine, 
blood-stained streams issuing from the endocardial wall into 
the clear water with which the cavity was filled.” Finally he 
reviews the labors of Magrath and Kennedy,* who, *Svorking 
with artificial circulations of defibrinated blood on the isolated 
heart of the cat, observed that a small portion of the coronary 
blood found its way into the left ventride. The only possible 
source of access other than from the vessels, of Thebesius was 
leakage past the aortic valves. This leakage, m shown by a 
juanometer-record of aortic pressure, did not occur.” The 
author closes his review of the literature of the subject with 
tbe statement that ^'notwithstanding these painstaking ob¬ 
servations, the vessels of Thebesius still occupy a very oWure 
position in anatomical literature. Foramina Thebesii are re¬ 
ferred to as constant in the right auricle, forming in part the 
mouths of small veins. Their occurrence in the left auricle is 
‘K-casionally mentioned. But the fact that the vessels of Thebe- 
xius open into all the chambers of the heart —^ventricles as well 
as auricles—hardly recognised.*” 

In the author’s own experiments, various agents were in¬ 
jected at a constant pressure, through thS coronaries of fresh, 
'•ften still living, hearts of tbe rabbit and dog. They showed 
that liquids in these vessds penetrate into the heart cavities 
throng^ Ihe endocardial foramina, thus verifying the foregoing 


■OaS: Arehlv tOr Rtyalologle. p. M. IIM. 

*llagna]i and Keaaadr: Jonnal of Experlnimtal Madtelaa, toI. il, p. IS, 
SW. 

* All ilaltoa ai« «ar owa. 
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data. As the cannula was tied directly into the artety, tiic 
liquid could only reach the cavities t^iou^ the foramina, while 
in all operiments care was taken to avoid high prenurae. In 
the heart of the ox the endocardial depressions were found 
^'regularly larger in the aurides than in the ventricles/* while 
in the right auricle "they may/* he states, “be provided with 
thin, single valves, especially about the origin of tho great veins" 
In the left auricle the depressions are fewer in number and 
unprovided with valves. “Foramina Thebesii are never absent 
from the ventricles" says Dr. Pratt. “In the right ventricle, 
whidi is especially well provided with them, the larger number 
are seen upon the septal wall. It is often much more difficult 
to find them in the left ventricle, although a diligent search is 
never without a reward” . . . “structures, accessory to 
these ventricular foramina, which might in any way serve the 
office of valves I have not seen.” . . . “On the injection 
of the vessds of Thebesius with air by means of the blow-pipe 
applied to the foramina, characteristic, fine, mihendocardial 
ramifications, which very frequently conduct tho air into other 
lliebesian systems, or even into the great coronary veins will 
seldom fail to appear.** The latter point is also sustained by 
experimental evidence. 

The fact that the right side of the heart is endowed with 
a more perfect system of canalization than the left is suggested 
by the following remarks: ^‘The ease with which injections 
of air and blood could be made to demonstrate the connection 
between the vereels of Thebesius and the coronary veins caused 
me to doubt the opinion expressed by Danger that the foramina 
Thebesii in the ventricles communi^e with the veins by capil¬ 
laries alone. To settle this point, I injected the coronary veins 
of the ox with starch and celloidin masses, both too thick to 
pass the capillaries, and found that even these emerged from 
the foramina Thebesii of the right ventricle. So intimate a 
connection, however, between the coronary veins and the ves¬ 
sels entering the left ventricle I have not yet been able to demon¬ 
strate." The author also says: “By means of a very successful 
.corrosion preparation, made by injecting the veins of an ox- 
heart with celloidin, I was able to trace the communication. 

this preparation the position of some of the foramina 
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Thcbesii vas marked by small disks of . the hardened mass 
formed by the oozing out of the celloidin upon the endocar¬ 
dium. Iliese foramina were shown to be connected with the 
smaller coronary veins by fine branches. The still finer rami¬ 
fications which, as Langer has demonstrated, lead from the 
foramina and branch directly into capillaries were here imin- 
jccted; they would appear only when injected from the fora¬ 
mina themselves.^' 

The only connection between the vessels of Thebesius and 
the coronary arteries that he could find, notwithstanding re¬ 
peated attempts, was by capillaries. Bochdalek having ob¬ 
served that the foramina of one auricle communicated with 
those of the other, he was able by blow-pipe injection to verify 
the correctness of this view, the air of one auricle having passed 
out through a similar exit into the other. 

To sustain his view that the nutrition of the heart may 
be carried through the vessels of Thebesius some time after 
the coronary arteries are absolutely obliterated, a number of 
experiments are related. Thus, fluid introduced into the ven¬ 
tricle of an isolated heart, by means of a cannula passed down 
to this cavity, and tightly held in situ by a ligature passed 
around the auriculo-ventricular groove, only found its way 
through the vessels of Thebesius. Defibrinated blood, inserted 
into the organ through this cannula, brought on, often within 
one minute, ^^strongly marked, co-ordinated contraction of the 
ventricle." As the blood thus introduced would become venous, 
the action would become gradually reduced, but renewal of 
the blood would at once cause the heart to resume its normal 
action. ^‘With a periodic supply of blood,” says the author, 
“and with favorable temperature and moisture this may con¬ 
tinue several hours.” That mepe mechanical stimulation by 
distension did not cause-the phenomena witnessed is demon- 
titrated by the alternate use of Ringer's solution and defibrin¬ 
ated blood. While the solution failed to sustain contractions, 
blood always succeeded. 

Another experiment served to demonstrate that a true 
circulation could take place between the vrasels of Thebesius 
and the coronary veins. The or^n being disposed as stated 
above, two of the coronary veins were incised; **a small, but* 
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steady, stream of venous blood issued from them.*' Under the 
same conditions the descending branch of the left coronary 
artery was opened. ‘*No flow of blood occurred from the artery, 
although there was a free escape from an incision in an ac¬ 
companying vein.” In still another experiment the trunks of 
both coronary arteries were ligated and the ligature around 
the ventricles omitted. ‘The supply-cannula was tied into the 
ventricle through the oarta. On the introduction of blood 
the left ventricle alone began to beat strongly and regularly 
. . . the blood found its way in part into the right ven¬ 
tricle, coming of necessity through the walls. . . The 
blood from the left ventricle had thus found its way into the 
right one. Finally, he refers to the striking analogy which 
this nutritional system presents to that of the frog and cat. 
In the frog the heart is almost entirely nourished* “through 
the branching passages that carry the blood from the interior 
of the heart nearly to the pericardial surface.*' 

On the strength of all this evidence. Dr. Pratt concludes 
(giving only the features that bear directly upon the question 
we are analyzing) that: “1. The vessels of Thebesius open 
from the ventricles and auricles into a system of flne branches 
that communicate with the coronary arteries and veins by 
means of capillaries, and with the veins—but not with the 
arteries—by passages of somewhat larger size. 2. These vessels 
are capable of bringing from the ventricular cavities to the 
heart-muscle sufficient nutriment to maintain long-continued, 
rhythmic contractions. 3. The heart may also be effectively 
nourished by means of a flow of blood from the auricle back 
into the coronary sinus and veins.” The author concludes 
with the very appropriate remark: “It is evident that the nu¬ 
trition through the vessels of Thebesius and the coronary veins 
must modify in no slight degree the existing views of the 
nutrition of the mammalian heart, and of the manner in which 
infarction of the heart takes place.” The clinical features of 
this question will be considered elsewhere. 

Viewed from my standpoint, the veaaeh of Thebesiiu are 
more concerned with the dynamics of the heart than with the 
nutrition Df this organ, though the latter function is not to be 
Ignored, particularly in the sense emphasized by Pratt: 
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as a source of compensation. That nutrition of the left heart, 
auricle and ventricle, constantly filled with arterial blood, can 
result from a flow of the latter through the Thebesian vessels 
seems clear, but nutrition can hardly be associated with a 
similar process in the righi heart, with, nothing but venous 
blood to propel through the Thebesian channels. That nu¬ 
trition, the recognized prerogative of arterial blood, owing to 
its oxygen, cannot be the active factor here is evident. 

Tlie right heart seems, judging from the anatomical ar¬ 
rangement of the parts concerned in the process, to play a 
physiological function of a special kind. While the Thebesian 
openings are larger in the auricles than in the ventricles, in 
the left auricle they are also fewer than in the right; but even 
more suggestive is the fact that, while some openings in the 
right auricle are supplied with valves, none have b^n found 
in those of the left. Again, both ventricles are supplied with 
foramina; the right ventricle is particularly well provided with 
them, while they are difficult to find in the left one. That the 
septal wall should show them most clearly on the right side is 
also suggestive. Evidently a similar condition exists between 
the auricles, as suggested by Bochdalek and confirmed by 
Pratt; but the fact that limited information supplied by works 
on anatomy usually covers only those of the right auricle 
points to greater prominence of the latter. Thus, Gray* 
states that the venae Thebesii open ‘^on the inner surface of 
the right auricle.** Finally, the openings supplied with valves 
are in the ri^t auricle, as we have seen; but they are also 
stated to be most conspicuous in the neighborhood of the 
great vessels; hence it must only be the Thebesian openings 
around the great vessels of the right auricle—the venae cavae 
tmd the pulmonary artery—that are provided with valves. 

If we can now ascertain whether the current which enters 
the Thebesian vessels from the right auricle is shut out in this 
location, or secured ujithin the channels, according to the man¬ 
ner in which the valves close,—inwardly or outwardly,— 
we will be able to decide whether venous blood from the venae 


* Orajr: ‘'Anatamy:" edition, IMl, p. 611 
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caygB or arterial blood from the lungs circulates in the Thebe¬ 
sian system. 

Bochdaldr found that many of these openings in the 
auricles ^‘presented the appearance of blind depressions, since 
they were often covered with single valves in such a way as 
to r^ist investigation with tlie blow-pipe*’ . . . ‘‘some 
were slit-likc, resembling the mouths of the ureters; still 
others were large, round depressions, with smaller openings at 
the bottom.” The first remark suggests that the openings 
serve as exits into the auricle, while the second points to the 
contrary, since it is difficult to conceive of a depression with 
“openings at the bottom” as a valve calculated to resist liquids 
exerting pressure on the concave side. From the left auricle 
Gad caused water to pass out of the right and left ventricular 
walls, but, as the auricular openings have no valves, this only 
serves to emphasize the extensive canalization which the 
Thebesian system represents. The system might, therefore, 
be considered as essentially calculated to distribute venous 
blood from the right auricle to the entire heart: a fact which 
the free anastomosis with the venous channels would seem to 
sustain. 

Pratt states that he has seen “structure accessory to 
these ventricular foramina whidi might in any way serve the 
office of valves” . . . “the edge of the foramen is usually 
sharply defined and may frequently exist as a partied, shelf- 
like, (X)vering, giving the impr^ion perhaps of an attempt at 
a membranous valve ; but it is seldom more than this.” A 
shelf mems a projection, and the fact that it is membranous 
suggests that during ventricular contraction this valve is pressed 
against the opening and closes it: a feature which involves 
the possibility that during diastole a current—^whether venous 
or arterial—^flows into the ventricle through its foramina. 
That the latter and their valves open inwardly— i.e., in the 
ventricle—^is demonstrated by Pratt’s experiment, in which he 
injected the coronary veins with starch and celloidin and found 
that even these passed into the ventricle. If, therefore, the 
venous blood of the right heart at all enters the muscular 
walls it is not through the foramina of the ventricle, i.e., from 
below; it must be through the openmgs above, those in 
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the right auricle. The experiment in whieh the cannula was 
tied in the pulmonary artery, the blood being ^'allowed to 
enter the right auricle through insuf&ciency of the tricuspid,” 
appears to us to further sustain this fact. The heart continued 
''its rhythmic contractions for eight hours: a period consid¬ 
erably in excess of that observed in nutrition through the 
vessels of Thebesius alone. It was inferred that blood had 
gained access from the auricle to the coronary veins and had 
thus aided materially in the nutrition.” While this course 
may have been taken by some of the blood in the experiment, 
it is obviously not a normal one during life, and the unusual 
duration of the contractions seems to us to indicate that the 
blood that penetrated into the right auricle found its way into 
the Thebesian system vid the openings in this auricle, thus 
approximating as nearly as possible normal conditions. 

The relations between the coronary veins and the Thebe¬ 
sian channels are self-evident, excepting, however, a theoretical 
back-flow from the auricles into the veins suggested by Pratt, 
which appears to us abnormal; at least it is not compatible 
with our views of the process. The Thebesian vessels and 
coronary veins were found to communicate freely on the right 
side, but not on the left, with the ventricular foramina. The 
septal- foramina were idso found to communicate with the 
coronary vein at the end of the sinus. An interesting feature 
is the fact that blood passed into the right ventricle flowed, 
freely from a cut vein of the left heart (experiment of April 3, 
1897). On the other hand, the relations between the coronary 
arteries and the Thebesian vessels are of a peculiar kind; thus 
the communication between the left coronary artery and the 
right ventricle seems as free as that between the same artery 
and the left ventricle (through the Thebesian channel) is lim¬ 
ited. The experiment in which a colored solution was passed 
into the left coronary artery caused an accumulation of 400 
cubic centimeters to flow from the right ventricle, while only 
* cubic centimeters flowed from the left, sufficiently empha¬ 
sizes this fact. Haller, who had observed that injected sub¬ 
stances flowed out freely from the surfaces of both ventricles, 
states that ''the passage from the arteries into the cavities of 
the left side is more difficult.” 
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All these features seem fully to supply the needs of the 
function with which the secretion of the suprarenal glands 
must he connected, if the phenomena witnessed in many dis¬ 
orders and after the use of most remedies have been correctly 
interpreted. That we are in the presence of a dual process 
of which the suprarenal secretion, operating in the right heart, 
and the arterialized blood in the left heart are active factors 
seems probable. Again, the marked power of arterial blood 
—or rather of plasma—since the defibrinated blood filtered 
through cotton was used—^to sustain functional activity, even 
when only poured into the ventricles, as shown by Pratt, cer¬ 
tainly indicates tliat the blood must alone be able, during 
life, to compensate, in case of need, for insufficiency of blood 
furnished by the coronary arteries. 

The contractions of the left heart seem to me to be greatly 
assisted by the arterial blood that enters it, and mainly by 
that which enters the cavities themselves. The experiments 
of Pratt having sho^ that contraction could be produced by 
contact with arterialized blood, the arrival into the auricle of 
a normal quantity of this fluid must be fully capable, there¬ 
fore, of causing contraction of the walls of that cavity. The 
relations of the several structures and the mechanism involved 
are in all probability as follows: The main structures upon which 
the arterial blood reacts are (1) the musculi pectinati and (2) 
the sinus venosus and appendix auriculse, all of which are so 
disposed as to offer as much surface as possible to the blood. 
The walls of the cavities mentioned are provided with numer¬ 
ous chaimels, the Thebesian “veins,’’ to satisfy this purpose. 
The blood which enters the auricle when it is dilated pene¬ 
trates all the circuitous areas around the musculi pectinati and 
in^the Thebesian vessels, and the ensuing contraction forces 
the blood-plasma into the smaller subdivisions of these vessels, 
from which they find their way into the auricular veins. When 
the arterial blood reaches the ventricle, a process similar to. the 
preceding occurs. The columne cameee are disposed so as to 
offer considerable surface to the blood, while the ventricular 
walls ar^ permeated with Thd)esian channels, into which the 
blood penetrates during diastole. The contraction induced 
closes the apertures of these channels, and forces the blood- 
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plaema into their smaller ramifications and finally into the 
veins. The larger channels cany the corpuscular elements to 
Ihe latter. The rdle of the coronary arteries will be referred 
tn later on. 

The right heart, as I Tiew the process, owes its functional 
activity mainly to the suprarenal secretion brought to the 
cavities by the vena cava. I have sufficiently emphasized 
the power of i^iis agent to restore cardiac action and sustain 
it even when the entire spinal cord has been obliterated. The 
manner in which it exercises its powers is similar to that of 
the arterial blood on the left side. On penetrating the auricle 
the contractile structure are submitted to its immediate ef¬ 
fects; but the orifices of the Thebesian veroels or channels are 
more numerous and larger than in the left auricle. The mem¬ 
branous edges previously referred to as valves by the investi¬ 
gators quoted do not appear to me to merit being considered 
as such after careful examination of these structures in the 
ox-heart. The aperture being closed by the least squeezing of 
the tissues containing them, it seems evident that tiiey should 
as readily close under the powerful contraction of the auric¬ 
ular tissues. The right ventricle also presents a very much 
larger number of Thebesian orifices than the left, while its 
walls, though thinner, plainly show the ramifications of these 
channels. That the venous blood charged with suprarenal se¬ 
cretion should at once penetrate the latter when the ventricle 
begins to contract is self-evident. Betum of the blood to the 
circulation is effected in the same way as in the case of the 
left heart: t.e., through the coronary veins. 

The whole process is an exceedingly uncomplicated one, 
but, as we shall see later on, it simplifies many obscure prob¬ 
lems, while affording, in connection with the coronary arterial 
blood, a supply in keeping with the vital importance of the 
organ itself. Again, Dr. Pratt’s experiment, in which blood 
injected into the left auricle flowed freely from the right ven¬ 
tricle, mnphasized the possibility of compensation in case of 
need. Thus, while under normal conditions, the pressure in 
both ventricles must be equal, reduced contraction—of the 
right ventricle, for example—^through insufficiency of the ad¬ 
renals would automatically cause the arrival into it, through 
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the Thebesian foramina of the septum, of at least some arterial 
blood. That this does not always suffice to maiTitniTi mter- 
Tentricular equilibrium, however, is illustrated by the dicrotic 
pulse, the pulsus paradoxus, and kindred phenomena. 

Suggestive in this connection are the remarks of Professor 
Porter in his review of the subject of cardiac innervation in 
the **American Text>book of PhyBiology***: "A positive dem¬ 
onstration that the nerve-cells in the heart are not essential 
to its contractions,^* says this observer, "is secured by remov¬ 
ing the tip of the ventricle of the dog’s heart and supplying 
it with warm defibrinated blood through a cannula tied into 
its nutrient artery. Long-continued, rhythmical, spontaneous 
contractions are thus obtained (Porteri**). As the part removed' 
contains no nerve-cells, the observed contractions can only 
arise in the muscular tissue, provided we make the (at present) 
safe assumption that the nerve-fibets do not originate im¬ 
pulses capable of inducing rhythmic muscular contractions.” 
In other words,—and this may be said to apply to all muscular 
elements including those of the muscular coats of the stomach 
and intestinra,—^the cardiac muscle is endowed with the in¬ 
herent power to contract, even small detached piecra, when 
placed in appropriate media being capable of doing so. In the 
body, indeed, this contractile power is merely, so to say, kept 
active, and Porter remarks—^almost prophetically in the light 
of our views: *‘The demonstration that the nerve-cells are not 
essential to contraction places us one step nearer the true cause 
of contraction. It is some agency acting on the contractile sub¬ 
stance}^ Evidence is accumulating that this agent is a chem¬ 
ical substance, or substances, brought to the contractile matter 
by the blood.** 

That the "chemical substance brought to the contractile 
matter by the blood” is represented by the adrenal secretion 
and the oxidizing substance seems clear. Brown-S4quard over 
fifty years ago urged that the inferior vena cava contained 
some undetermined substance which contributed to the hrarfs 
dynamism. 


. * Porter; "Amorleu Tnt-lwok o( PhjMologr.'' Mcond odtUoa, ISMii 
* Portor: Jonmol of BzperimeaUl Modleliw, voL II, p. SH, UST. 

** All luUea are our own. 
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THE ACTION OF THE ADBENAL BECBETION AND THE OXZDIZINO 
BUB8TANOE UH>N THE CABDIAO MDSCLE. 

The histology of the myocaidium still offers a broad field 
for conjectore, notwithstanding the many investigations to 
which it has been submitted by modem obserrers. The known 
facts are briefly these: Its tissue is composed, in man, of 
short, round fasciculi, or bundles, of striated fibers, possessed 
of thick lateral projections. The latter directly connecting 
with a similar projection of the adjoining bundles and being 
cemented to it, a thick close-meshed net-work is formed: a 
characteristic of the heart-muscle. But it differs from other 
muscles in several other particulars; its fibers are one-third 
smaller and their striss are much more faint; they possess no 
earcolemma and are, therefore, exposed to the immediate action 
of any fluid that may surround them. The manner in which 
the contractile structures are combined in bundles is also 
pMuliar: each bundle is nmde up of central prismatic fasciculi 
of round fibers, in which nuclei (one or two) with their sur¬ 
rounding protoplasmic area are imbedded, the whole being 
surroimded with flat or ribbon-like columns of muscle-fibers. 
The perinuclear protoplasm referred to generally contains fat- 
droplets and minute pigment-granulee which resemble haemo¬ 
globin, and sends projections betwemi the surrounding mus¬ 
cular fibers so that each of the latter is connected with and 
is only separated from its neighbor by a layer of protoplasm. 
This arrangement dora not in any way modify the manner in 
which the sarcous elements are disposed, while the disks, clear 
spaces, etc., are precisely as they are elsewhere in the organ¬ 
ism. These muscular "primary” bundles form, by their union 
with one or two of their neighbors, columns, or chains—or 
"secondary” bundles, which are covered, as shown by Banvier, 
with a sheath of loose connective-tissue cells, which cells, in 
turn, connect with one another by numerous projections, or 
eriensions. The primary fasciculi also contain connective- 
tissue sheaths whidi invest the muscle-fibers and are likewise 
supplied with connective-tissue cells. All this forms a close, 
though permeable, net-work, which makes it possible for a 
liquid to penetrate the muscular columns or chains and come 
iuto direct Qontact with ti^e hare, or exposed, muscle-fiber, 
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Ijidoed, the intimate stnictoie ,ot the myocarditim pre> 
dsely supplies the required structure for the equable and free 
distribution of such an agency as the suprarenal secretion repr 
resents. Fluids can penetrate through the maze of cdlular 
tissue to the bare muscular fibers;' the sheaths that include 
the columna or chains of muscular bundles afford a peculiar 
system of canalization through which the liquids can easily 
gain access to them. These canals—the lacunss of Henle— 
are the intervals between the columns of secondary bundles, or 
their sh^ths, rather, which are placed in longitudinal apposi¬ 
tion. Schweigger-Seidel and Banvier having observed that 
interstitial injections of colored substances penetrated the 
lymphatic vessels, the lacmue have been considered as adjuncts, 
or extensions, of the latter. 

Benaut,** however, concluded that the penetration of the 
colored fluids into the lymphatics merely demonstrated the 
weak resistance of the endothelial coat of the latter, and tlie 
spaces, , or lacuna^ of Henle being unprovided with endothelial 
walls, there was no ground for the prevailing belief that they 
represented lymphatic vessels. He found that all the lym¬ 
phatic capiUaries of the myocardium are located on the surface 
of the heart underneath the pericardium. They are lai^ and 
bosselated and form a mesh-work which covers the whole car¬ 
diac surface, and send smaller blind pouches into the muscular 
interstices. The spaces of Henle should be considered, he 
thinks, **not as true lymphatic cavities analogous to those ob¬ 
served around the pulmonary lobules of certain animals, but 
as mere connective-tissue spaces, which represent, in fact, 
pathways for lymph.’’ In a foot-note Berdal states that the 
spaces of Henle are crossed by ^Sressels,” and in the text the 
following remark as to the identity of this lymph appears: 
‘The muscular flbers of the heart are thus bathed in con¬ 
nective-tissue spaces in which lymph easily circulates; but 
this lymph is not tiiat of the lymphatic veseds or capillariee, 
but that of loose connective-tissue spaces (Benaut).” It is 
needless to state that this suggests the presence of blood- 
plasma. Still, we can only consider this deduction as tentative. 

M Koavt: Tnlti d’HlBMogU pntlaat, p. Tit; qdBtaS Iqr 'IM 

R. W. 
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The manner in which the blood-plasma, whether venous 
or arterial, is distributed by the Thebesian nbAJiTift la is well 
shown in a study of the vessels of the heart by Arthur V. 
Meigs.^* The extreme paucity of literature on the Thebesian 
channels has caused them to be overlooked by practically all 
histologists; that they should be treated as capillaries in the 
author^s paper is, therefore, as normal as it is for text-books 
to do so. “The capillaries of the human heart,” says Dr. 
Meigs, “differ in two ways from those of other parts of the 
body: they penetrate the muscular fibyrs, and some of them 
are larger than those found elsewhere, and of different ar¬ 
rangement. . . . The accompanying illustrations are draw¬ 
ings which were made with the camera lucida. They are from 
sections of two human hearts. The first is from the heart of 
a negro woman, 40 years old, who died of burns. Some pieces 
of the organ were preserved in Fleming’s solution, and others 
in 70-per-cent, alcohol, and they were stained in bulk with 
borax-carmine and imbedded in paraffin. The second heart is 
that of a man, 30 years old, who died of lead encephalopathy. 
When the post-mortem examination was made, the heart being 
still quite fresh, there was injected through each of the two 
coronary arteries as much as the blood-vessels would easily 
receive of a solution of 3 grammes of Berlin blue (Grubler’s) 
in 600 cubic centimeters of water. Pieces of the organ of 
suitable size were at once placed in preservative fluid, some in 
- 70-per-cent, alcohol, and others in formaldehyde solution. The 
tissue was afterward stained in bulk with borax-carmine and 
imbedded in paraffin. 

'"The penetration of the muscular fibers by the capillaries 
is made perfectly clear by the illustrations; it is shown as well 
by the injected as by the uninjccted heart. The two methods 
of demonstration supplement one another, because, in injected 
tissue which has been stained, the blood-vessels and their situa¬ 
tion are' made very obvious by the contrast of color, but the 
details of the structure of the walls are obscured by the injec¬ 
tion material, while, on the other hand, in the uninjected tissue, 
the structure of the blood-vessels can be seen with the utmost 
distinctness. In Figs. 1 to 4 the capillaries are easily recog- 


** ArUinr V. Kiiai: Joivul o( Anatonr ud Phyttologr. Jan., IBM. 
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portions of the muscular substance of the hearty although it is 
well known that, upon the surface and in the connective-tiBSue 
interstices, arteries are found with their veme comites, just as 
they are in other organs and tissues. The arrangement of the 
vessels upon the surface and in the interstice is in marked 
contrast with that found in the muscular substance proper. 
Here, when an arteriole is accompanied by an efferent vessel, 
this vessel is single coated and composed of endothelium, being 
exactly like the smallet capillarie, mccept in size. These pecul¬ 
iar large capillaries are found not only in company with arteri¬ 
oles, and, therefore, when carrying on the function usually 
performed by veins, but also alone.. When they are alone, it 
is impossible to be certain whether their function was afferent 
or efferent. It may well be that arterioles are less numerous 
in the heart than in other tissues, and that their place is taken 
by the large capillaries. Th(»e capillaries are so numerous and 
of such size that it seems likely they perform the function of 
reservoirs. The presence of the large capillaries and the pene¬ 
tration of the .muscular fibers by the capillaries indicate a pro¬ 
vision for the blood-supply of the heart even more bountiful 
than that of tlic other organs.” 

That these vessels are the Thebesian channels is evident; 
their mode of distribution and the peculiar endings of their 
subdivisions is particularly well shown in Fig. 6, while the 
outpouring of plasma for absorption by the muscle-elements is 
suggested by Fig. 5. 

The fact that the distribution of the Thebesian channels 
is analogous to that observed in the heart of the frog has, we 
have seen, been noted by Pratt. This had also been noticed 
by Lannelongue, but this author considered the channels of the 
Imman myocardium as vestiges of the batrachian system. Ber- 
dal, who alludes to the latter, states that in the frog and in the 
batrachian urodela there are no ordinary blood-vessels. “The 
muscular fasciculi intercept cavernous spaces into which the blood 
T>enetrate8 directly and from which they are only separated 
by endothelium. The frog’s heart is thus a true sponge the stmo- 
hiree of which, formed of m.uscular fibers, nourish themselves 
hij imhibilion. In mammals, on the contrary, the myocardium 
euntains distinct vesselB. The capillaries form a net-work the 
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meshes of which, elongated and parallel to the muscular fascic¬ 
uli, are connected by short branches, which give each mesh the 
appearance of a parallelogram. When these vessels cross the 
spaces of Henle, they are covered, on the external surface, with 
flat connective-tissue plates.” Pratt’s observation not only in¬ 
cludes the analogy between the human lung and that of the 
frog, but also with that of the cat, a mammal. Under these 
conditions, it becomes clear that in man, also, the heart-muscle 
may be regarded as a sponge-like structure, the contractile ele¬ 
ments of which are nourished and supplied with working energy 
by substances in the blood-plasma. 

What is the r61e of the blood of the coronary arteries in 
the functions of the heart? This may perhaps be traced by 
analyzing the effects of ligation of these arteries upon these 
functions. Porter** refers as follows to the experimental work 
in this connection: “The frequency of arrest after ligation is 
in proportion to the size of the artery ligated, and hence to the 
size of the area made anamiic, and is not in proportion to the 
injury done in the preparation of the artery. The circumflex 
and descendens may be prepared without injuring a single mus¬ 
cle-fiber, yet their ligation frequently arrests the heart, while 
the ligation of the arteria septi, which cannot bo prepared with¬ 
out injuring the muscle-substance, docs not arrest the heart. 
It is, moreover, possible to close a coronary artery without me¬ 
chanical injury. Lycopodium-spores mixed with deiibrinated 
blood are injected into the arch of the aorta during the mo¬ 
mentary closure of that vessel and are carried into the coronary 
arteries: the only way left open for the blood. The lycopodium- 
spores plug up the finer branches of the coronary vessels. The 
coronary arteries are thus closed without the operator having 
touched the heart. Prompt. arrest, with tumultuous fibrillary 
contraction, follows.” 

If the plasma that reaches the heart by way of the Thebe¬ 
sian channels can sustain both its nutrition and its contractions, 
how can such results as these be accounted for? The sudden 
arrest of the heart’s action by plugging the coronary arteries 
certainly points to a predominating function, and, more than 
this, to a function of which they are alone the sourcea of blood- 
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supply. That the role of the coronary blooil is precisely that 
which obtains elsewhere in the organism is forcibly suggested 
by the experiments of Langendorff, who w'as able, according to 
Porter, “by circulating warmed oxygenated defihrinated blood 
through the coronary vessels, to maintain the hearts of rabbits, 
cats, and dogs in activity after their total extirpation from the 
body.’* It is clear that the blood-plasma can incite functional 
aictivity when introduced through the coronaries as well as when 
introduced into the ventricles. “Even pieces removed from the 
ventricle will contract for hours,” continues the author, “if fed 
with blood through a cannula in the branch of the coronary 
artery which supplies them (Porter’®). It is evident, therefore, 
that the cause of the rhythmic beat of the heart lies within the 
heart itself, and not within the central nervous system.” 

The italicized words represent precisely the factor of the 
problem which must be eliminated to enable us to dilTcrentiate 
the r61e of the coronary plasma from that of the Thebesian 
plasma, for blood will not alone induce contraction of the car¬ 
diac walls; almost any irritant will under appropriate condi¬ 
tions. Indeed, in the latter case it will sometimes undergo con¬ 
tractions without any external irritation; thus, “a strip of 
muscle cut .from the apex of the tortoise ventricle and suspended 
in a moist chamber begins in a few hours to beat apparently 
of its own accord with a regular, but slow, rhythm, which has 
been seen to continue as long as thirty hours. If the strip is 
cut into pieces and placed on moistened glass slides, each piece 
will contract rhythmically. Yet in the apex of the heart no 
nerve-cells have been found” (Porter). Hence the power to 
contract is inherent in the contractile tissues, and subject, as 
elsewhere in the organism, to exacerbations of activity under 
appropriate stimulus. This fact being now established, our in¬ 
quiry is simplified, since we need only to inquire into the nature 
of the processes through which it is utilized. 

Analysis of the requirements of the right heart soon re¬ 
veals the fact that the muscle-fibers require the same blood- 
snpply that any muscle of the body does. Indeed,' we then 
realize that the coronary arteries are their only source of oxy- 


** rartw: Jowwtl ot BzperlmenUl lledltiiMt voL It, p. W, UM. 
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gen. The venous blood that roaches it through the Thebesian 
channels has been depleted of this gas by the rest of the or- 
'ganism, and the suprarenal secretion, owing to its marked avid¬ 
ity for it, must, while in transit through the inferior vena 
cava, have deprived it of the little that might have remained 
in loose combination. We have reviewed the ultimate distribu¬ 
tion of the coronary arteri^ as given by Berdal. It does not 
differ from that of other text-books. These generally concur 
in stating that the larger branches are distributed to the con¬ 
nective tissue between the large fasciculi, and once therein 
divide into arterioles, which, in turn, subdivide into capillaries 
that entwine the primary muscle-fasciculi. **The capillaries 
of the myocardium are very numerous,” say Bohm and von 
Davidoff, “and so closely placed around the muscle-bundles that 
each muscular fiber comes in contact with one or more capil¬ 
laries.” Do they serve here, as elsewhere, to supply the muscle- 
fiber with its source of energy — i.e., the carbohydrates that enter 
into the formation of the myosinogen—besides furnishing the 
oxidizing substance which sustains the combustion processes 
when brought into contact with this- myosinogen? TTiis is pre¬ 
cisely where a difference between the muscular functions of the 
heart and those of other muscular structures appears to us to 
exist. 

There is practically no passive period in the heart’s action 
when we consider that its stage of adiifity recurs every three- 
fourths of a sound; and the formation of myosinogen in its 
contractile elements, were it to proceed as slowly as it does else¬ 
where, would seem totally inadequate. Still, if the coronary 
blood is not endowed with the mission of supplying the heart- 
muscle with its source of energy, we are relegated to the venous 
blood of the Thebesian vessels and its suprarenal secretion for 
the myosinogen-forming products. A possible source of en¬ 
ergy suggests itself when we consider that a carbohydrate 
known to react under the effects of the oxidizing substance is 
present in the hepatic veins,— i.e., dextrose,—and that this 
sugar must pass through the right heart. As is well known, 
these veins carry their sugar to the inferior vena cava. That 
it is not used by the heart, however, was shown by a careful 
analysis of the whole question. This is submitted in the twelfth 
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chapter. For reasons submitted in the second volume I was 
led to conclude that the minute granules referred to on page 433 
were actually supplied to the heart through the intermediary 
of leucocytes. These cells were found to migrate from, the liver 
(also through the hepatic veins) to the inferior vena cava, where 
they meet the adrenal secretion and proceed with it to the 
right ventricle. The evidence seems incontrovertible. The 
subject is so far>reaching, however, that it had to be consid¬ 
ered separately. I shall, for the present only, refer to these 
granulations as "granules (Ehrlich). We now have, it seems 
to me, the elements necessary to account for the functional phe¬ 
nomena witnessed, namely;— 

1. The adrenal secretion, to contract the right auricle and 
ventricle and thus insure the penetration of the Thebesian blood 
into the cardiac walls (which contraction venous blood or its 
contained granules ^ would not cause). 

SB. The granules to account for the unusual and con¬ 
tinuous production of energy which the heart converts into work. 

S. A continuous supply of oxidizing substance via the coro¬ 
nary arteries to insure the combustion processes through which 
this energy is liberated. 

The annexed colored plate shows the manner in which the 
adrenal secretion and the granules ^ simultaneously reach the 
right auricle. 

We can now understand why plugging of the coronary 
arteries should, as stated by Porter, arrest cardiac action. He- 
ferring to the effects of embolism and thrombosis of these 
arteries, this investigator also says: "That part of the heart- 
wall supplied by the stopped artery speedily decays. The 
bloodless area is of a dull-white color, often faintly tinged with 
yellow; rarely it is red, being stained by hemoglobin from the 
neighboring capillaries. The cross-section is coarsely granular. 
The nuclei of the muscle-cells have lost their power of staining. 
The muscle-cells are dead, and connective tissue soon replaces 
them. This loss of function and rapid decay of cardiac tiMue 
would not take place did anastomosis permit the establishment 
of collateral circulation between the artery going to the part 
and neighboring arteries. . . . The objection that one of 
the coronary arteries can be injected from another, and that. 
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therefore, they are not terminal, ia baaed on the incorrect 
premiae that terminal arteriea cannot be thua injected, and 
haa no weight againat the poaitive evidence of the complete 
failure of nutrition following cloaure.” Aa I interpret the 
proceaa, the abaence of anaatomoaia further auggeata the exiat* 
ence of an additional aource of energy; but the cardiac arreat 
after ligation of the coronary alao indicatea that compenaation 
from the oppoaite heart can only be gradually eatabliahed. On 
the whole, ^e coronariea of the right aide are ae important 
aa if they alone aupplied the needa of the functiona of that 
aide. The granulea and the adrenal aecretion are, fumiahed to 
Gompenaate for the abaence of arterial blood in the right auric- 
ulo-ventricular cavitiea and in their Thebeaian channela; but, 
the right coronariea being the only aource of one of the three 
necmary factora of the proceaa, their obliteration meana as 
much aa that of the left coronariea does to the left heart. 

We can also understand why the contractile elements of 
the primary fasciculi are bare. They are constantly bathed 
in the plasma from which they obtain the granules )8 that 
enter into the formation of their myosinogen. The absence 
of oxygen in this fluid renders it perfectly harmless to the 
delicate structures that surround tha primary and secondary 
bundle of muscle-fiber, and to the net-works of arterid capil¬ 
laries that hug the bare fibers. The latter, by a rapid absorp¬ 
tion,—-which the presence of aarcolemma would counteract,— 
are constantly forming their products of metabolism: i.e., 
myosinogen. The arterid capillaries, “coated, on their ratter- 
nal surface, with flat connective-tiaaue ceUa” (Berdd), when 
they cross the spaces of Henle, being the only carriers of oxy¬ 
gen, normally become the active factors of nutrition and func¬ 
tion. Their blood is the normd excitant—as elsewhere. The 
venous blood brings the granules jS; the adrend secretions, by 
contracting the cardiac wdl% forces it into the Thebesian chan¬ 
nels; the bare muscle-fibers absorb the grannies and convert 
them into their own particular kind of fuel, myosinogen; the 
capillary'blood supplies &e energy for this metabolism—oxy¬ 
gen—end simultaneously sustain^ again with ii» oxygen, the 
combustion processes upon which the continuous work of the 
organ depends. Here, as elsewhere, the potentid enagy of 



IHB B0URCB8 OF THB BBART’8 BNBRaT. 443 

the chemical agencies present becomes converted into mcchan* 
ical energy, which manifests itself as visible motion. 

The left heart—^the coronaries of which are larger than 
those of the right—^presents anatomical features which modify, 
in a measure, the manner in which its physiological functions 
are performed. Both its auricle and ventricle containing arte¬ 
rial blood fresh from the heart, the Thebesian circulation does 
not app^r to fulfill tlie primary rdle it does in the right heart. 
Indeed, the various experiments of Pratt and his predecessors 
and my own careful examination of the ox-heart distinctly 
show that the Thebesian circulation of the left heart, as regards 
intraventricular orifices, is much less important than that of 
the right heart. Still, the evident permeability of the inter¬ 
ventricular septum and the histology of the left myocardium 
suggest that i^e left heart must receive material aid from the 
adrenal secretion and its granules p. This feature will again 
be referred to in the twelfth chapter. 

A feature that may be considered as demonstrated, and 
common to both sides, is the return of the blood, whether its 
source be the Thebesian or coronary systems, by way of the 
coronary veins. We have seen that Langer expr^ed the opin¬ 
ion ‘'that the foramina Thebraii in the ventricles communicate 
with the veins by capillaries alone.” My conception of the 
process involved would necessitate such an arrangement* as re¬ 
gards the right heart. Indeed, so direct is this connection that 
even such viscid substances as starch and celloidin were found 
by Pratt, when introduced into the coronary veins of the ox, 
to emerge from the foramina Thebesii. Still, we could hardly 
expect such a free transit on the left side of the ‘organ, inas¬ 
much as the presence here of arterial blood only would suggest 
the presence of a structural organization similar to that of ordi¬ 
nary muscles. Indeed, referring to the vascular connections 
of left heart, Pratt says: "So intimate a connection, how¬ 
ever, between the coronary veins and the vessels entering the 
left ventricle I have not yet been able to demonstrate.” Again, 
on the right side the connection with coronary veins must evi¬ 
dently be a physiological one, since "a small, but steady, stream 
of venous blood issued from them” when tlie veins were incised 
after the right ventricle had been filled with defibrinated blood. 
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of vital processes per ee. Indeed, in the heart they do naught 
else than in other parts of the organism. One set of nerves 
distributed to the cardiac arteries provokes dilation to increase 
cardiac activity; another set causes constriction of these vessels 
when cardiac activity is to be reduced. “The rich nervous supply 
of tlie heart is derived from the coronary plexuses,” says Piersol, 
“and includes numerous mcdullated fibers coming from the 
pncumogastric as well as the non-medullatcd sympathetic fibers 
proceeding from the cervical ganglia. Numerous microscopical 
ganglia are found along the course of the large nerve-trimks 
accompanying the branches of the coronary arteries, especially 
in the longitudinal interventricular and in the auriculo*vcn- 
tricular furrows. Many additional small groups of ganglion- 
cells occur within the muscular tissue associated with the fibers 
supplying the intimate structure.” Briefly, according to pre¬ 
vailing teachings the vagus and sympathetic are the nerves 
which govern the functions of the heart. 

Is this true? In the light of my own views, it is subject 
to doubt; and, precisely as 1 have shown it to be the case with 
the kidneys, all the nerves supplied to the heart belong to the 
sympathetic system. 

Accbleration. —Legallois, early last century (1812) urged 
that the nerves which increased the beats of the heart in a 
given time belonged to the sympathetic system. Although 
vigorously attacked by Bezold and others, this doctrine has 
steadily gained ground, and most investigators, including Hei- 
denhain, Langley and Gaskell have accepted Legallois’s view. 
It becomes a question, how'ever,—in the light of my views,— 
wliethcr acceleration represents the motor phase of cardiac 
action, and therefore, whether or not as in the kidney, the 
sympathetic fulfills the role of motor, i.e., of vaswlilator nerve, 
'riiat it does is shown by the experiments of K. and M. Cyon*® 
who found that occlusion of cardiac vessels did not cause ac¬ 
celeration—in other words that it was not by reducing the 
blood supplied to the heart walls that the accelerators acted 
upon the heart. On the other hand, as will be shown under 
the next heading, constriction of the cardiac arteries, %.e., dimi- 


** B. and M. Cron: Aruhiv t Physiol., 1887. 
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nution of fhe blood supplied to the cardiac muscle, slows the 
heart’s action. Indeed, Bast'* obserred a distinct antagonism 
between the yagi in the neck—owing as shown below to the 
presence of cardiac vasoconstrictor fibers in this nerve—^and the 
accelerators, when stimulated simultaneously. The vagi sup¬ 
pressed the accelerators invariably, in fact, and irrespective of 
the strength of the current. It is evident, tlicrefore, that ac¬ 
celeration is not due to constriction of the cardiac arteries, and 
that the B37npathetic accelerators must act upon the heart by 
producing dilation of these vessels. 

The vasodilator properties of the accelerators have, in fact, 
so legitimate a claim to recognition that in his recently pub¬ 
lished review of our knowledge on the subject Carvallo*" re¬ 
marks : ^The first thoracic ganglion, or stellate ganglion seems 
to contain vasodilator fibers which almost always cause aug¬ 
mentation of speed.” He forcibly illustrates this fact by a 
table demonstrating that the vessels so influenced show an in¬ 
creased blood-fiota in a given time, when the accelerator nerves 
are stimulated, and closes his review with the following words: 
“We may conclude therefore that the heart possesses a complete 
vasomotor apparatus the vasoconstrictor fibers of which reach 
it essentially by way of the vagus, and the vasodilator nerves 
by the stellate ganglia [first thoracic] and the annuli of Vieus- 
sens.” 

Briefly, “acceleration” represoits an exacerbation of ac¬ 
tivity of the heart, and just as we found such increased activity 
produced by vasodilation and the admission of an excess of 
blood, in other organs, so do we find it here. 

Inhibition. —In the light of foregoing statements, this 
phenomenon should assert itself as a result of excessive con¬ 
striction of the cardiac arteries and diminution of the blood sup¬ 
plied to the cardiac muscle. That such is the case suggests 
itself from various directions. 

The inhibitory effect of excessive constriction of the coro¬ 
naries is beyond question. Chirac** found that the beats of a 
dog’s heart were soon arrested when one of the coronaries was 


Arb. a. d. phya. Anat, lielpals, 1875. 
"Carvallo: Rlcbet’a DIctlonnaIre de PhyatoL. p. SIT, 
>• Chirac: “De Motu Cordis,“ p. Ul, 16B8. 
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tied. Erichsen*® observed a siniilar result after tying these 
vessels. Leonard Hill” referring to tlie investigations of Cohn- 
heim and Schulthess-Rechberg,** McWilliams,” Bettelheim,” 
and others, also states that “ligaturing one of the large branches 
only is frequently sufficient to cause arrest.” Again, S6e, 
Bochefontaine and Roussy” observed that substances capable of 
plugging the coronaries—^lycopodium spores, for instance—also 
caused cardiac arrest. Porter*® plugged the left coronary artery 
in nineteen dogs and Ba 3 rs that “the closure of the artery was 
always promptly followed by arrest” As the result of closure 
by ligation in sixty-seven dogs, he reached the deduction that 
“the frequency of arrest is in proportion to the size of the 
artery ligated.” As cardio-inhibitory impulses transmitted 
through the vasoconstrictors of both vagal trunks probably influ¬ 
ence all the cardiac arterioles simultaneously, the ease with 
which the heart’s action can be arrested by exciting the bulbar 
center is easily accounted for. Finally Roister,*^ Porter,*® and 
others have shown experimentally that the part of the heart 
supplied by an infarcted coronary artery degenerates. 

Yet, if the vasomotor impulses inhibit the heart by causing 
excessive constriction of the coronaries and their offshoots, the 
effects on the heart wall must coincide with those resulting 
from deprivation of blood. Such is undoubtedly the case: B. 
Weber*® observed that during partial inhibition the cardiac con¬ 
tractions were weakened, while Schiff*® found that the mus¬ 
cular elements of the entire organ responded lees or not at all 
to stimuli. Prangois-Pranck, Pischel,®* and others observed 
that the cardiac walls were softer than usual. Poster®* states 
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that when the interrupted current is used to stimulate the 
vagal trunk, the heart remains in diastole, motionl^ and flac¬ 
cid. When, however, the current is weak, the beafe are only 
slowed and weakened. Coats” ascertained manometricallj that 
the contractions were markedly reduced in force. GaskelP^ 
and Stefani’” found that the ventricular tonicity was reduced. 
Muskens” also found that stimulation of the vagus lessened the 
force of the contraction in the frog. 

GaskelP^ characterizes as ‘^most striking** the attending 
depremon of activity. Still, there is no loss of inherent mus¬ 
cular irritability, since, according to Foster,” a pin prick in 
the heart during inhibition may cause the organ to resume its 
beats; the morbid phenomena are, tlierefore, the result of a 
deficient supply of the nutrient components of the blood. Por¬ 
ter** states that ‘l^ut little is known as to the constituents of 
the blood which are essential to the life of the mammalian 
heart,** and that "an abundant supply of oxygen is certainly 
highly important.** The manner in which the deficiency of 
these blood constituents causes the inhibitory effects is suggested 
in the following lines of Langley*s**: ^The decrease of rigidity 
in the inhibited muscular tissue shows that inhibition is not 
caused by the development of a contractile force acting in a 
direction opposed to the normal one and overpowering it. We 
are then brought to the conclusion that certain nerve impulses 
—^the inhibitory nerve impulses—are able to Imen or to stop 
the chemical change in the tissue which leads to contraction.** 

The rfile of the "inhibitory** fibers (now generally consid¬ 
ered as va^l, because they form part of the nerve bundles 
which have been known as the vagi, or pneumo^tric nerves) 
thus corresponds with that of the sympathetic vasoconstrictors 
we have found, elsewhere, to restore the arterioles to their nor¬ 
mal caliber after these vessels had been dilated by a motor or 
secreto-motor nerve to incite an exacerbation of functional 
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activity. Langley’s obeervation. gives precision to jny view in 
Ihis connection; interpreted from my standpoint, it is the 
diminution of blood in the cellular elements which serves "to 
lessen or to stop the chemical change in the tissue which leads 
to contraction.” Can we logically, in view of the secreto-motor 
r6le ascribed by physiologists to the vagus in other organa, 
admit that in the heart its action is the opposite? That the 
so-called "inhibitory” nerve is composed of sympathetic fibers 
which carry on the same functions they do in other organs, 
is therefore evident. 

Should we under these conditions consider the sympathetic 
as "inhibitory”? I have shown that inhibition is the result 
of excessive constriction of the arterioles. "Excessive” here 
obviously portrays a morbid or pathological condition, one of 
grave importance clinically. Indeed, as I will show in the 
second volume, many toxins and toxics are fatal owing to their 
vasoconstrictor influence on the cardiac vessels, and the morbid 
phenomena awakened are precisely those described above—^those 
which the physiologist deems normal because they are expressions 
of a so-called physiological function he has termed "inhibition.” 

In my opinion the older term "moderator nerve” should 
replace the pernicious term now used, and "inhibition” be re¬ 
served for the expression of the morbid process which excessive 
constrict! m of the arterioles represents. 

Augmentation. —^This action of the heart, i.e., increase of 
its contractile power, must be due to an action other than that 
of acclerator nerv«i. Thus, von Bezold and Bever*^ and later 
Cyon** found that stimulation of the accelerator increased 
the number of beats of the heart, but not its power. This was 
confirmed by other investigators. Again the mode of action of 
the augmentor nerve differs strikingly from that of other car¬ 
diac nerves; Foster,** for instance, writes: "In contrast with 
the case of the vagus fibers, a somewhat strong stimulation is 
required to produce an effect; the time required for the maxi¬ 
mum effect to be produced is also remarkably long.” These 


"Beiold and Bevdr: Unterauch. a. d. pbyalol. Lab. lu Wunborg. Bd. U, 

"Cron: Loe. cU, 

**FMter: Loo. eit., p. ifbs. 
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facts suggest that acceleration and augmentation are separate 
functions. Indeed, the delay in the augmentation of power, as 
compared with the acceleration, is explained when, as I urged 
a few years ago,^* the adrenal secretion is regarded as the source 
of the increased cardiac power. This is sustained by many 
facts. Thus, while Noel Paton" refers to the “augmentors and 
accelerators” as small medullated, i.e., sympathetic, fibers *'which 
leave the spinal cord by the anterior roots of the.second, third, 
and fourth dorsal nerves passing -to the stellate ganglion,” I 
have shown that the three above-mentioned roots are also pre¬ 
cisely those through which the nerves which pass to the sym¬ 
pathetic chain and thence down to the splanchnic, to finally 
reach the adrenals. On stimulating these nerves, therefore, an 
experimenter not only excites the accelerators which pass to the 
heart via the annulus of Vieussens, but also the nerve-paths to 
the adrenals. 

This accounts for the fact that while a large group of in¬ 
vestigators including Cyon, Bezold, Schmiedeberg, Boehm and 
Bowditch observed acceleration without increase of power, others, 
equally competent, including Heidenhain, Mills, Boy and Adami, 
and Bayliss and Starling observed both phenomena. Indeed 
Schmiedeberg and Bowditch both urged the presence of two 
different sets of nerves to account for these specific effects, the 
one set influencing the cardiac beats, the other “acting upon 
the blood-pressure without influencing frequency.” Now, the 
marked influence of the adrenal secretion upon the blood-pres¬ 
sure is well-known, and the delay in the appearance of “aug¬ 
mentation” is explained when it is home in mind that the 
activity of secretory organs had to be awakened before the “aug¬ 
mentation” and the rise of blood-pressure could become mani¬ 
fest. Biedl,^* in fact, .found that stimulation of the divided 
splanchnic only caused an increased.tproduction of adrenal secre¬ 
tion after 7 to 9 seconds. 

I submitted in the two preceding sections, the reasons 
which had led me to conclude that the adrenal secretion con¬ 
tributed to the contractile power of the right ventricle which 


**8a]OM: Jour. Amer. Med. Anoe., Feb. 4, 1906. 

**NoeI Poton; "Euentlel of Human Pbralol./’ p. 243, IMS. 
MBiedl: Loe. Ht. 
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i , readies witli tlio venous blood of the inferior vena cava. 
Sow, Brown-S6quard« had many years earlier (1863) urged 
(lie predominating influence of the blood of this vein upon 
(firdiac dynamism, a view sustained by Badcliffe (1865); but 
Ciistell having found that a frog’s heart when detached failed 
t«> beat with increased vigor in carbonic acid gas, and over- 
looking the fact that some other substance in the venous blood 
might have acted on the heart, physiologists disregarded Brown- 
Sequard’s observation. Additional evidence to this effect is 
submitted in the second volume. 

The presence of “augmentor” and ^‘pressor” fibers in the 
sympathetic splanchnic accounts for the fact long ago recorded 
by von Bezold and Bensen,*^ that section of both splanchnics 
lowered the blood-pressure as much as section of the spinal 
cord in the cervical region, while Strehl and Weiss found that, 
after removing one adrenal, the blood-pressure could be lowered 
by clamping the suprarenal vein of the remaining organ, thus 
depriving the blood of any adrenal secretion, and that by 
releasing this vein the blood-pressure was soon restored to its 
previous level. As I view the process, however, excitation of 
the lower segment of the upper sympathetic cord after dividing 
it should raise the blood-pressure. Bezold found that this pro¬ 
cedure raised the blood-pressure as much as seven times its 
initial level; Ludwig and Thiry showed, moreover, that the 
fuiDie result could be obtained after severing all the nervra to 
the heart. 

Augmentor effects attended by a rise of the blood-pressure 
may also be produced through the intermediary of another 
organ. Cyon and Aladoff*** found that stimulation of the an¬ 
nulus pf Yieussens (which also contains pure accelerator fibers) 
raised the blood-pressure. Cyon had already found in 1867 
that when the cervical sympathetic was divided on a level with 
tlu> inferior cervical ganglion, and its upper segment was ex¬ 
cited the strength of the heart-beats was markedly increased. 


, Brown-SSeuard: Bxper. Resaarchea applied to Phra. and Patb., N. T., 
noiHion, and Parla, 1863. 

^'Von Baiold and Benaen: Neae WOraberser Zeitung, 1868; Verb. d. Pbra. 
nnl. Oeaella., Warabnrg, Januarr, 1887. * 

and Aladofl: Bull, do I'Acad. dea Set. de St. Peterabuxg. ToL vlt. 


89 



462 


THB STNAMICB OF OABDIAC ACTION. 


A recent study of the question (1898)°^ by the same physi¬ 
ologist showed that these ‘^reenforced pulsations” whidb he had 
at first ascribed to tefl^ actibn, were in reality due to the fact 
that the nerres which evoke these phenomena were distributed 
to the vessels of the thyroid gland gnd that it was the secretion 
of this organ which had produced the cardiac “augmentation.” 
The manner in which the thyroid secretion could produce this 
effect is readily explained by the fact that, as I have shown, 
this secretion serves to sustain the functional efiBciency of the 
adrenal center. Briefly, it is also through the adrenals— 
though indirectly—^that Cyon produced “reenforced pulsations” 
of the heart. 

The following condusions seem to me, in the light of the 
foregoing facts, to summarize the functional mechanism of the 
heart:— 

1. The nervous supply of the heart is derived from the 
sympaihetic system and is composed of two sets of nerves f 
the accelerator and the moderator (or inhibitory) nerves. 

2. The accelerator nerves increase the rapidity of the con¬ 
tractions of the heart, by causing dilation of its arterioles and 
thus increasing the volume of blood admitted to its muscular ele¬ 
ments. 

S. The moderator (or inhibitory) nerves diminish the ra¬ 
pidity of the heart's contractions, by causing constriction of its 
arterioles and thus reducing the volume of blood admitted to its 
musetdar elements. 

Jh. "Augmentation," i.e., increased power of the hearfs con¬ 
tractions is due to increased activity of the adrenals, whose 
secretion traverses the heart on its way to the lungs. 

As to the physico-chemical process involved—^bearing in 
mind that the muscular elements are inherently contractile— 
th^ are, pending additional data, as follows:— 

5. The mechaniail energy upon which the right heart 
depends is of two hinds: (1) the contractile action of the 
adrenal secretion brought to it by the inferior vena cava; (2) 
the continuous action of the oxidizing substance of the coronary 
arterial blood upon myosinogen formed from granules Qt 
loiter being granulations derived from leucocytes. 

■Cron: Areli. e» phyelol. norm, et patli., ml. z. No. 6, p. nS, IIM. 



A1>K»NA1< BBCBBflON IN RBSPIRATION. • 453 

6. The adrenal secretion and the granulations ^ enter the 
right auricle and the right ventricle with the blogd of the vena 
cava. 

7. The adrenal secretion,- owing to Us direct action on 
muscular tissue, causes the wails of these cavities to contract 
alternately upon their venow*'contents and to force a snudl 
quantity of the latter into the Thebesian foramen and channels. 

8. This blood then penetrates the inierfibrillary spaces of 
Uetde, —^ 1 . 6 ., around the bare muscle~cells,—and its granules ^ 
are used by the latter to build up their myosinogen. 

9. As the plasma of the coronary arteries and their ter¬ 
minals, the pericellular capillaries of the muscle-eiements, con¬ 
tains oxidizing substance (adrenoxidase) contraction of the 
muscle-cells is induced as it is elsewhere in the organism. 

10. The adrenal secretion and the granules fi, which do not 
enter the Thebesian channeds, are carried to the lungs with the 
venous blood of the right ventricle. 

11. The mechanical energy of the left heart is supplied (1) 
by the oxidizing substance of the arterial blood, which penetrates 
its muscular structures and its cavities by the coronaries and the 
jmlmonary veins, and (2) by an additional supply of granula¬ 
tions and perhaps of adrenal secretion, which find their way 
to its myocardium through the Thebesian channels that connect 
it with the right heart. 

12. The manner in which the contractile process is carried 
on in the walls of the left heart is similar to that which prevails 

in the right heart. 

* 

THE ADRENAL SECRETION IN ITS RELATIONS TO 
RESPIRATORY FUNCTIONS. 

The r&le of the adrenal secretion in respiration, and 
particularly the proc^ through which oxygen is taken up by 
the blood, was reviewed in the second chapter. I believe that 
the succeed .<ig chapters, by affirming the importance of the 
oxidizing substance in every part of the organism, have but 
confirmed the conclusions reached concerning the process in 
question. The fact that the interchange of oxygen and car¬ 
bonic add between the alveolar air and the blood by mere 
diffusion was inadequate to account for the experimental resulte 
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of various investigatons, particularly Bolir and Haldane and 
Smith, has therefore been correspondingly emphasized. I 
must also refer to the fact, however, that the belief of Ludwig, 
Bohr, and others, that the alveolar tissues might be the seat 
of functions capable of Moling the missing requirements of 
the process, has not been sustained by my inquiry. On the 
other hand, the rdle of the adrenal secretion in the lungs as 
1 have defined it has adequately met these requirements, not¬ 
withstanding the severe tests to which it has been submitted in 
previous chapters. 

We have seen that the adrenal secretion, conveyed to the 
lungs with the venous blood, is not only able to take up oxy¬ 
gen, but to fotn^ an oxidizing substance, i.e., adrenoxidase, with 
which haemoglobin can, in the lungs, become replenished with 
oxygen. The entire set of analyses submitted in this work 
so far, however, has served further to emphasize another fact: 
i.e., that the plasma, and not the corpuscle, is the dispenser of 
oxygen, the corpuscle being a mere carrier from which tlie 
plasma itself becomes replenished as needed. As already stated, 
this precisely coincides with the conclusion to which Jaquet 
was led by chemical methods after Salkowski (1881) bad ob¬ 
tained oxidations from blood alone, which he attributed, how¬ 
ever, to the blood-corpuscles. Abelous and Biamds having ob¬ 
tained oxidation of salicylic aldehyde by means of blood-serum, 
Salkowski modified his former view and experimentally con¬ 
firmed the results of the other investigators. 

Finally, we have seen how closely connected the adrenal 
secretion is with the integrity of the blood, and how readily the 
haemoglobin molecule becomes dissociated in proportion as the 
efficiency of the adrenals becomes weakened. 

The next important question to analyze is one fraught with 
considerable confusion, viz., the manner in which the respiratory 
process is governed, and the identity of the rrapiratory center. 


THE NERVO-VASCUI.AR MECHANISM OF THE LUNGS. 

According to prevailing teachings the respiratory center 
is located in the medulla oblongata, i.e., the bulb. But there 
is considerable evidence on record indicating that the bulbar 
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center is not supreme in the control of respiration, althou£^ the 
fact that it forms part of the controlling mechanism cannot be 
denied. Thus, division of the cord below the seventh cervical 
nerve arrets costal respiiaHon; section below the medulla 
causes all thoracic movements to cease; removal of the brain 
above the medulla, the seat of the supposed center, does not 
stop respiration, whHe cessation of this function occurs when 
the medulla is removed or extensively injured, save in excep¬ 
tional cases. After reviewing this evidence Professor Foster 
adds: “Nay, more; if only a small portion of the medulla— 
a tract whose limits have not been clearly defined^^^ but which 
may be described as lying below the vasomotor center in the 
immediate neighborhood of the nuclei of the vagus nerves—be 
removed or injured, respiration ccas^, and death at once ensues. 
Hence this portion of the nervous system was called by Flourens 
the vital knot, or ganglion of life: namd vital. We shall speak 
of it as the respiratory center" 

Yet, how account for the facts recited in the following 
qxmtation from Nod Paton’s text®*: ^Tloth parts of the re¬ 
spiratory emiter are imder the control of higher nerve centers, 
and through th^ th^ may be thrown into action at any time, 
or even prevented from acting for the space of a minute or so. 
But, after the lapse of this period, the respiratory mechanism 
proceeds to act in spite of the most powerful attmpts to pre¬ 
vent it. 

*‘To determine its mode of action the influence of afferent 
nerves upon the center must be considered. 

"Vagm. —Since the vagus is the nerve of the respiratory 
tract we should expect it to have an important influence on the 
center. 

"Section of one vagus causes the respiration to become 
slower and deeper; but, after a time, the effect wears off, and 
the previous rate and depth of respiration is regained. 

"Section of both vagi causes a very marked slowing and 
deepening of the respiration, which persists-for some time, and 
passes off slowly and incompletely. Now, if after the vagi have 
been cut, the connection of the center with the upper brain 


** The ttelioe are mine. 

** Noel Paten: £00. oft., p. M. 
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iracit is Beveied, the mode of action of the center totally changes. 
Instead of discharging rhythmically it remains for a long period 
at rest, then the inspiratory center discharges violently, causing 
a strong and prolonged contraction of the musdes of inspira¬ 
tion. This passes off, and again a period of rest of variable 
duration sets in, to be again interrupted by another more or 
less long and strong discharge. 

^'Separation of the respiratory center from the vagi and 
upper brain trads brings about a loss of its rhythmic action, 
hut does not stop its activity. The center owes the rhythmic 
nature of its action to afferent impulses. These ail^rent im^ 
pulses reach it normally through the vagi, but when these are 
cut the upper brain takes upon itself the function of maintain¬ 
ing the rhythm.” 

Howell®* also says, referring to the "midbrain, at the level 
of the posterior colliculi” (the corpora quadrigemina) a region 
above the medulla oblongata: “Martin and Booker®* found 
that stimulations in this region caused a marked increase in tlie 
rate of inspiratory movements and finally a standstill in inspi¬ 
ration—^that is, a complete tetanic contraction of the inspiratory 
muscles lasting during the stimulation. - Lewandowsky®* has 
shown that section of the brain stem at or below the inferior 
colliculi causes an alteration in the respiratory rhythm similar 
to that following section of both vagi. After cutting through 
the inferior colliculi further sections more posteriorly do not 
add to the effect. He considers that there is an autcnnatic in¬ 
hibitory center in the midbrain which influences continually 
the automatic activity of the medullary center.” Again, Ott*" 
writes: “I have made numerous experiments to determine the 
exact scat of the polypnoeic center. To establish a center three 
things are necessary: (1) that its abolition causes the phe- 
nomoia to disappear; (3) that irritation—^mechanical, chem¬ 
ical or electrical—causes the phenomena to be presmit, and (3) 
that the part of the nervous system exhibiting these peculiarities 
be circumscribed in extent. After numerous observations and 


"Howell: "T. B. of Pbyelol./* eeeonS edition, p. StO, 1907. 
" Iferttn and Booker: Jour, of Physiol., 1, 310, UTS. 
■Lewandowsky: Arcblv f. Physiol., 489, 1890. 

"Qtt: “T. B. of Physiol.," second edlUon, p. 461, 1907. 
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experiments it was found that pressure upon the tuber cinereum 
with a pledget of cotton, or even slight puncture, increased the 
normal respirations to the point of polypnoea. Complete punc-' 
ture in a normal animal was followed by a rise to 106" F. 
within two hours, even though the animal was bound down 
and had been subjected to considerable shock. 

“If now the animal whbse tuber is punctured be heated, 
there will result no polypnoea, even though a temperature of 
107" F. be reached. I am convinced that the tuher cinereum 
is a center of polypnoea and thermotaxie." 

A suggestive feature asserts itself in this connection: As 
I have pointed out, and ns will be further shown in the second 
volume the tuber cinereum is. precisely the region through which 
the nerve path from the pituitary body to the adrenals passes 
to the medulla oblongata, and thence, via the spinal cord and 
the sympathetic nerves and ganglia, to the adrenals, whose secre¬ 
tion, we have seen, serves to take up the oxygen of the air and 
to distribute it to the tissues, i.e.. to sustain oxygenation. 
Moreover, as emphasized by considerable evidence submitted 
in the second volume, the walls and floor (of which the tuber 
cinereum forms part) of the third ventricle, are the pathways 
of a vast array of sympathetic fibers which likewise pass from 
the posterior or neural lobe of the pituitary (via the nucleus 
magnus grisei) to the medulla and cord and thence to be dis- 
tributed through the sympathetic chain and its ofTshoots to 
all -parts of the body including the lungs. We have here the 
explanation of the presence of so-called heat and respiratory 
centers in this region, i.e., irritation phenomena following the 
experimental lesions in the course of these nerve-paths,—a fact 
further sustained by the observation of many experimenters 
that removal of the pituitary body—^the seat of the heat and 
main respiratory centers in the light of my views—^is followed 
by marked lowering of the temperature and dyspnoea. 

How does the respiratory center—or centers, for as stated, 
the bulbar carter is endowed with important functions—influ¬ 
ence the respiratory mechanism? Before this feature of the 
subject can be analyzed, a brief review of the circulation and 
innervation of the lungs may prove advantageous. 

The pulmonary circulation as regards vascular distribu* 
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tion is succinctly portrayed in tlic following description by 
Miller,®’' as given by Bohm and von Davidoff®*: “The pulmo. 
nary ariery follows closely the bronchi through their entire 
length. An arterial branch enters each lobule of the lung at 
its apex, in close proximity to the bronchus. After entering the 
lobule the artery divides quite abruptly, a branch going to each 
infundibulum; from these branches the small arterioles arise 
which supply the alveoli of the lung. *On reaching the air-sac 
the artery breaks up into small radicles, which pass to the 
central side of the sac in the sulci between the air-cells, and 
are finally lost in the rich system of capillaries to which they 
give rise. This net-work surrounds the whole air-sac and com¬ 
municates freely with that of the surrounding sacs.’ This 
capillary net-work is exceedingly fine, and is shrunken into the 
epithelium of the air-sacs; so that between the epithelium and 
the capillary there is only the extremely delicate basement mem¬ 
brane. The infundibula, the alveolar ducts and their alveoli, 
and the alveoli of the respiratory bronchioles are supplied with 
similar capillary net-worJes. The veins collecting the bWd 
from the lobules lie at the periphery of the lobules in the inter¬ 
lobular connective tissue, and are as far distant from the in¬ 
tralobular arteries as possible. These veins unite to form the 
larger pulmonary veins. The bronchi, both large and small, 
as well as the bronchioles, derive their blood-supply from the 
bronchial arteries, which also partly supply the lung itself 
Capillaries derived from these arteries surround the bronchial 
S 3 rstem, their caliber varying according to the structure they 
supply: finer and more closely arranged in the mucous mem¬ 
brane, and coarser in the connective-tissue walls. In the neigh¬ 
borhood of the terminal bronchial tubes the capillary nets 
anastomose freely with those of the respiratory capillary sys¬ 
tem.” To avoid confusion 1 may recall the fact that, while 
the pulmonary artery and its branches contain venous blood, 
and the bronchial arteries and their branches carry arterial 
blood, the pulmonary veins, on the contrary, contain arterial 
blood. When, therefore, bronchial capillaries are said to empty 


" Mlllw; Journal of Morphology, toI. vlil, p. 166, U98. 
■BOhm and tod Davidoff: Loe. eft. 
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into the pulmonary yeins, it is not used, or venous, blood that 
is transferred to the latter, but arterial blood originally derived 
from the thoracic aorta or its primary branches. 

The lungs, as is well known, are innervated by the vagus 
and the sympathetic system. These imite to form pleases, the 
anterior and posterior, which enter the organs with the bronr 
chial tubes and accompany them along their ramifications. 
The anterior pulmonary plexus, made up of vagal and sym¬ 
pathetic filaments, overlies the pulmonary artery, while the 
richer posterior pulmonary plexus, composed also of vagal 
filaments, intermixed with sympathetic fibers from the second, 
third, and fourth thoracic ganglia, follows the bronchi to their 
ultimate subdivisions. 

According to prevailing views, the vagus—^both its sensory 
and motor fibers—is alone regarded as the intermediary between 
the respiratory center and the organs of respiration, but as 
shown in the second volume, the neural lobe of the pituitary 
also contains the sympatiietic center. This proximity to the 
respiratory center and the important rdle the sympathetic plays 
in respiration pointedly suggest that both centers are func¬ 
tionally united. 

Ind^d, there is good ground for the belief that the experi¬ 
mental phenomena now ascribed to the vagus are partly of 
sympathetic origin—sympathetic in the sense that they are 
essentially vasoconstrictor as in other organs previously re¬ 
viewed. Sappey, for instance, writes'®: “Section of both pneu- 
mogastrics in the median portion of the neck not only abolishes 
the sensibility of. the respiratory mucous membrane and para¬ 
lyzes the internal respiratory muscles; it also involves as con¬ 
sequence a mucous effusion into the bronchi, engorgement of 
the lungs, emphysema of these organs, and a very sensible 
diminution in the number of inspirations.^* We have in the 
pulmonary engorgement an evident result of variation of vas¬ 
cular caliber, and inasmudi as we are dealing with a division 
of the nerve, the eifect on the vessel must^ave been one of 
relaxation. On the other hand, we have in the paralysis of 
the internal respiratory muscles evidence that a motor nerve— 


■* Sapper: “XraltS d'Anatomte Deaciiptlre,” vol. Ill, p. 307. 
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a vaflodilaior, or stricto-dilator, in onr sense—was also severed. 
These dual phenomena indicate that the vagus, as we have seen 
in the case of the heart, must have contained vasoconstrictor, 
i.a., sympathetic fibers. 

The presence of vasoconstrictor fibers is, in fact, generally 
recognized. Frangois-Franck, in 1881, showed that the sym¬ 
pathetic nerv^ distributed to the lungs, caused vasoconstriction, 
these fibers being stimulated at the entrance into the lungs. 
Bradford and Dean*"* also demonstrated the presence of vaso¬ 
motor nerves in these organs after a series of exhaustive experi¬ 
ments. In a subsequent study of the subject Franqois-Franck** 
noted the paradoxical fact that vasoconstriction of the pulmo¬ 
nary vessels caused the lungs to swell, instead of being reduced 
in volume. This is readily accounted for when it is recalled 
that the vasoconstriction applies only, in the light of my views, 
to the arterioles. These small pre-capillary vessels being con¬ 
stricted, the arterial blood was dammed up behind the seat of 
obstruction in Frangois-Franck’s experiment, thus causing the 
larger portions of the vessel, which are not governed by the 
sympathetic, to dilate. 

A source of confusion asserts itself in this connection, how¬ 
ever, which we have also encountered while studying the heart. 
The experiments of Bose Bradford and Dean” are thus referred 
to by Frangois-Franck: “They carefully sought the points of 
emergence, from the cord, of the filaments which cause eleva¬ 
tion of pulmonary pressure and lowering of aortic pressure: 
that is to say, pulmonary vasoconstriction. These were located 
from the second to sixth dorsal, and, in respect to maximum 
effects, on a level with the third, fourth, and fifth nerves. The 
pulmonary vasoconstrictors ascend the chain up to the first 
thoracic pnglion, where they become detached, to reach the 
pulmonary plexuses.” The salient feature of the topography of 
these nerves is that the lower limit of the ganglionic chain 
through which tl^y pass happens to be the upper limit of the 
ganglia from which the splanchnic nerves that ultimately carry 
impulses to the adrenals are given off. While the pulmonary 

**Bnia(ora ud Dmd: Jour, of Phyolol., toI. ztI, p. 34, 1334. 

"• rrucoti-Fruck: Areb. do PhTilol.. T. Tilt, p. 184, 1833., 

**Baoe. Bndford ond Deu: Journal of Pbralol., p. 67, 1834. 
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vasoconstrictors which pass directly to the lungs from the first . 
thoracic to the pulmonary plexuses are, as generally taught, 
true vasoconstrictors, the presence in the second, third, and 
fourth ganglia of the sympathetic chain, of the nerves to the 
adrenals suggrats that many vasoconstrictor phenomena^attrib- 
uted to the direct action of nerves, should be ascribed to an 
increase of adrenal secretion in the blood. Indeed Jacobi” 
found that intense vasoconstriction of the intestinal vessels 
(inhibition) produced by excitation of tlic 'splanchnic was 
replaced by ordinary vasoconstriction after the suprarenal 
nerves had been cut. 

The fact, moreover, that the introduction of adrenal extract 
into the circulation produces general vasoconstriction is well 
known. Mankowsky,” for example, noted “a great increase in 
blood-pressure and stimulation of the cardiac and respiratory 
centers.” This occurred “even when the iftimals (dogs) were 
under the influence of chloroform, morphine, or chloral hy¬ 
drate.” ‘Tn cats, says Swale Vincent,** “by far the most notice¬ 
able feature was an enormous rapidity of the respiratory move¬ 
ments in the early stage.” The two—now familiar—stages 
that occur under the influence of toxic doses of suprarenal 
extract, as well as under that of other poisons, are well illus¬ 
trated in the following observation by the same investigator: 
“In the early stage of poisoning respiration is quick and shallow 
and the heart is excited. Subsequently the breathing and heart¬ 
beats become feeble, and finally the respiration is deep and 
infrequent.” Finally, the fact that all these phenomena are 
independent of the cord has been shou-n by Biedl,” who, as 
we have seen, obtained marked increase of blood-pressure after 
injections of suprarenal extract, notwithstanding the fact that 
all the spinal structures had been removed. 

This does not mean that the adrenal secretion fulfills any 
particular function in the lungs other than that of taking up 
oxygen therein; it is only intended to show that excitation 
of the splanchnic nerve may suggest the presence of pulmonar}' 


** JmoU: Arctalv f. espw. Path. u. Phann., vol. xxlx, p. 171, 1898. 
** liankowahjr: Ruaslan Archives of Pathology, etc.. Mar, 1898. 

** Swals VlBcent: Jour, ot Phyatol.. Feb. 17, 1898. 

** Bledl: Wiener Min. Woehen., lx, 1896. 
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, vaBOconstrictor nerves in this great nerve-path, when the vaso¬ 
constrictor effects witnessed in the. lungs are in reality due to 
the presence in the blood, as a result of splanchnic stimulation, 
of an excess of adrenal secretion. 

As to the r61e of the vagus in the respiratory organs, our 
views differ from those at present taught only in that they 
explain, as was the case with other organs, how the physiolog¬ 
ical phenomena are produced. 

I have briefly referred to the manner in which the vagal 
fibers are distributed in the lungs. Sappcy” also studied the 
distribution of vagal nerves in tlie lungs of mammals, including 
particularly those of man, the ox, and horse, and reached the 
following conclusions: They follow the subdivisions of the 

air-tree to their terminal extremities; they do not leave these 
subdivisions and follow them to the lobules. 2. All tho^ that 
leave thj anterior" pulmonary plexus and the much greater 
number given off by the posterior pulmonary plexus preserve 
their plexiform arrangement throughout their entire distribu¬ 
tion; their meshes are elongated only in the line of their axis, 
each thus constituting an elongated ellipse. 3. Their ramifica¬ 
tions, essentially destined for the muscular coat of the bronchi 
and respiratory mucous membrane, have no connection with 
the blood-vessels.’* Berdal, on the other hand, confirms this, 
and indicates the rdle of the sympathetic terminals in the fol¬ 
lowing lines: “The branches of the p^numogastric are destined, 
for the bronchi; the branches of the great sympathetic are 
lost in the walls of the arteries.” 

The statement of Sappey that the vagal ramifications of 
the vagus have no connection with the blood-vessels, introduces a 
feature of importance which applies to all other organs reviewed, 
viz.: that besides the vasodilator and vasoconstrictor nerves 
which govern the function of any organ, there are sensory ter¬ 
minals which, as such, transmit afferent impulses to the centers 
(primary or subsidiary) which govern the local blood supply. 
Indeed, we have seen that section of the vagi in the neck 
caused loss of sensation in the respiratory mucous membrane, 
paralyzed the bronchial muscles, and gave rise to effusion of 


•* Svpej: Loe. dt., p. SSL 
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mucus into the bronchi and engorgement of the lungs. How 
can all these phenomenB'be accounted for without granting sen- 
8017 as well as motor and rasomotor functions to the vagal 
supply? Loss of sensation points to inhibited function, and not 
to engorgement of the bronchial mucous membrane. And yet 
we may have engorgement without functional erethism, if it 
is due, not to the presence of blood fully charged with oxygmi, 
but to blood which, through the very fact of being dammed 
up in the vascular channels, is reduced therein to practically 
the condition of venous blood. The effusion of mucus into tlie 
bronchi and pulmonary engorgement would occur as normal 
consequences of such a state of things. But how account for 
this vascular dilation without granting such attributes to the 
vagal plexuses ? 

Again, the fact that cutting of both nerves in the neck 
gave rise to paralysis of these muscles points to another sug¬ 
gestive feature, namely: that the vagus must incite and govern 
the motor impulses to these muscles, besides presiding over 
the functional variations of caliber of their vessels. If we 
now add to thrae manifestations of efferent nervous activity 
those of afferent activity suggested by the loss of sensation 
over the bronchial mucous membrane, it seems clear that we 
have in the vagal nerves referred to an autonomons supply espe¬ 
cially devoted to the function of the bronchial tubes and their 
ramifications down to —but not including — the pulmonary 
lobule. The importance of this fact asserts itself when we 
realize that it accounts for the complete isolation of bionchial 
affections from those of the parenchyma, and gives us a clue 
to their original cause. 

My opinion that the vagus—as motor nerve—acts in the 
lungs as elsewhere, i.e., as stricto-dilator nerve, is sustained by 
experimental evidence. As Noel Baton writes**: "Strong 
stimulation of the pulmonary branches of one vagus (below the 
origin of the superior laryngeal) causes the respiration to be¬ 
come more and more rapid, the inspiratory phase being chiefly 
accentuated. If the stimulus is very strong respirations are 


"NmI Paton: hoe. oit., p. Ml. 
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stopped in the phase of inspiration. Weak stimuli, on the 
other hand, may cause inhibition of inspiration. 

*^Such experiments prove that impulses are constantly trav¬ 
eling from the lungs to the center whereby the rhythmic activity 
of the center is maintained. 

“How do these impulses originate in the lungs? Appa¬ 
rently from their alternate expansion and contraction. 

“If the lungs be forcibly inflated— e.g.i with a bellows— 
the inspiration becomes feebler and feebler and Anally stops. 
The nature of the gas, if non-irritant, with which this infla¬ 
tion is carried out is of no consequence. If, on the other hand, 
the lungs be collapsed by sucking air out of them, the inspira¬ 
tion becomes more and more powerful, and may end in a spasm 
of the inspiratory muscles. 

“This shows that with each expiration a stimulus passes up 
the vagus which acts upon the inspiratory center to make it 
discharge. The vagus is thus a true excito-motor nerve, mak¬ 
ing the center act in a reflex manner. With each collapse of 
the lung the vagus is thrown into action, as the lungs expand 
it ceases to act, and, as a result, the inspiratory center stops 
acting, the muscles of inspiration cease to contract, and expira¬ 
tion occurs. 

‘^hile ordinary respiration may thus be considered as a 
rhythmic reflex act, it must not be forgotten that the r^pira- 
tory center can and does act rhythmically under the influence 
of the higher center, or a-rhythmically and spasmodically when 
these as well as the vagi are severed from it.” 

The mode of action of the vagus as a “true excito-motor 
nerve” is thus subject in a great measure to the respiratory 
centers—^the main one of which, in the light of my views is 
located in the neural lobe of the pituitary body. The vagal 
sensory terminals of the bronchi transmit sensory impulses to 
this center and excito-motor impulses are transmitted by it to 
the entire respiratory apparatus, including the thoracic respira¬ 
tory muscles. The manner in which all these muscle are 
excited to increased activity by the efferent or excito-motor vagal 
flbers does not differ from that of all organs reviewed: an excess 
of blood is admitted into the contractile elements, through dila¬ 
tion of its arterioles. An excess of blood-plasma laden with 
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oxidudng substance is admitted, as previously ^own, to the 
luyosinogen of the muscular elements, where iuspiration is 
in order; hence the fact that strong excitation of the vagus 
''causes the respiration to become,” as Paton says, "more and 
more rapid, the inspiratory phase being chiefly accentuated.” 
When—physiologically—excessive inspiration is to cease, the 
sympathetic vasoconstrictors come into play: they restore the 
muscular arterioles to their normal caliber; less blood is ad¬ 
mitted to the muscular elements and the inspirations resume 
their normal rhythm. 

But a third factor must now be taken into account: that 
represented by the functions of the adrenals. And from the 
standpoint of the clinician, this factor is by far the most im¬ 
portant of all tlie physiological phenoUTena of tlie function of 
respiration. Indeed as will be shown in the second volume, 
dyspnoea is often the result of adrenal insufficiency, the adrenal 
secretion produced being inadequate to sustain the oxygenation 
of the body at large. Again, Miller, we have seen, refers to 
the subdivision of the pulmonary artery "which divides quite 
abruptly, a branch going to each infundibxilum”; from, the lat¬ 
ter "small arterioles arise which supply the alveoli,” while these 
on reaching the air-sac are said to culminate in "the rich sys¬ 
tem of capillaries to which they give rise.” If the "small arteri¬ 
oles which supply the alveoli” are abnormally dilated through 
some general dyscrasia and the stream of venous blood of oxy¬ 
genation of the adrenal secretion it contains is thus imperfectly 
exposed to the air, we have a logical explanation of the well 
known beneficial action of belladonna—a sympathetic stimulant 
which, as we will see, causes constriction of the arterioles, and 
of potassium iodide, a powerful adrenal stimulant. 

That fluctuations in the secretory activity of the adrenals 
may provoke dyspnoea is well illustrated by the effects of all 
drugs that are sufficiently active to markedly affect adrenal 
functions. The action of venoms even more strikingly shows 
the morbid connection that exists between variations of supra¬ 
renal activity and pulmonary functions, even the stage of blood- 
disintegration being sometimes reached. ITo4|“ for instance. 


**NoS: has. oM, 
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refers to the many observers-who have reported intense respira¬ 
tory phenomena after cobra-bites. Viper-venom was also fonnd 
by Phisaliz to produce at first ^‘accelerated respiration,^ then 
“somnolence, with slowing of respiration.^^ Bee-venom in suf¬ 
ficient quantity gives rise to dyspnoea, according to Paul Beri^ 
hlack blood being found in the vessels. Toad-, salamander-, 
scorpion-, and eel- venoms were found to affect respiration in 
a similar manner. Mosso noted that the process of death varied 
with the dose: medium doses first arrest respiration, then the 
heart; stronger doses arrrat both simultaneously. Paralysis 
of the motor end-plates had evidently nothing to do with this 
process, since Mosso found the thoracic nerves responsive to 
the induced current. 

Bemoval of the adrenals under these conditions ^ould 
give rise to phenomena similar to a violent dose of venom. 
Cybulski not only observed,^** under such conditions, marked 
dyspnoea, a fall of the vascular pressure to zero, and hsemo- 
globinuria, but also found that the injection into the veins 
of an aqueous 10-per-cent, solution of suprarenal extract “im¬ 
mediately caused these phenomena to disappear.’’ BoineP^ 
states that after removal of both organs in a large number 
of rats the respiration became “slow, painful, and difficult.” 
Briefly, the functions of the adrenals are as important features 
of the respiratory function as any of those generally recognized. 
It is now possible to understand why the nerve paths of the 
• heat and respiratory centers are so intimately related in the 
third ventricle. Originating from a common center, the pitui¬ 
tary body, the vagal, sympathetic and adrenal nerves, jointly 
project from their common source, the pituitary body, to reach^ 
by way of the tuber cinereum, the walls of the third ventricle 
and the midbrain, the medulla oblongata, where they form 
subsidiary (and probably coordinating) centers whence the im¬ 
pulses to the respiratory organs are transmitted. 

The newer features of the nervo-vascular mechanism of 
(ordinary tranquil) respiration which 1 submit in the fore¬ 
going pages, pending additional evidence and detail, may be 
summarized as follows:— 

«CrbataU: OaieU LekmlM, Much IS ISPS. 

Lqo. eU, 
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1. The bulbar respiratory center is not, as now believed, 
the sole, or even the most important, center of this class; it ig 
a subsidiary and, probably, a co-ordinating center. 

The primary and chief respiratory center is located in 
the pituitary body and consists of three functionally related 
centers, the adrenal, vagal, and sympathetic centers, which, in 
turn, are connected by nerve-chains with the corresponding sub¬ 
sidiary centers in the bulb, and govern, through the interme¬ 
diary of the latter, the respiratory mechanism. 

The chief respiratory center carries on its functions as fol¬ 
lows :— 

Its adrenal center, by governing the production of the 
adrenal secretion, which takes up the oxygen of the air and 
forms the albuminous constituent (96 per cent.) of hoemoglobin, 
regulates the proportion of this oxidizing substance (the adrenoxi- 
dase) supplied to the blood. 

Its vagal center, acting through the vagus (the intercostals 
and phrenic) as exdto-motor (siricto-dilator) nerves of inspira¬ 
tion, provokes contraction of the muscles which dilate the larynx, 
the bronchi, and the thorax and depress the diaphragm, and thus 
increase the intake of air by the lungs, i.e., the supply of oxygen 
from which the adrenal secretion and the hcemoglobin absorb 
oxygen to distribute it to the tissues. 

Its sympathetic center, acting, through the sympathetic 
nervous system, as antagonist of the vagal center to provoke 
expiraiion, causes all the above-mentioned respiratory muscles 
to relax passively (by constricting their arterioles), thus en¬ 
abling the larynx and bronchi to resume their normal caliber, 
the thorax to contract, and the diaphragm to rise, in order to in¬ 
sure the expulsion of the expiratory air laden with carbonic add. 

THE ADRENAL SYSTEM AND THE KIDNEYS. 

The belief that tlie kidneys are the source of an internal 
secretion dates back to 1869, when Brown-S6qaard showed that 
injections of renal extract postponed the development of uremia 
in nephrectomized animals, and prolonged life. Lupine found 
in addition that a filtrate of a watery extract of kidney caused 
a rise of temperatura and dyspnea. Moreover, Oliver and 

Schifer diowed in 1898 that a cold-water extract of fresh kid- 

80 
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ney, when injected intravenously in rabbits, soon produced a 
more or less marked rise of the blood-pressure. This observa¬ 
tion has been sustained by Bingel and Strauss,^* who isolated 
the pressor substance and called it “renuin.” Conversely, 
Pearce” found that extracts of the kidneys of dogs with experi¬ 
mental uranium and chromium nephritis, prepared at a t-imn 
when the urine is free of the normally present depressor sub¬ 
stance, have no pressor effect Peart* holds that it is thereby 
conclusively shown that the dog’s kidney docs not contain a 
pressor substance. Yet, so many observers have confirmed the 
results of Oliver and Schafer that for the time being, at least, 
the presence of a pressor substance in the kidney must be 
regarded as at least probable. 

In the light of the data I have adduced, however, none of 
the above phenomena can be attributed to a renal internal secre¬ 
tion: They represent merely the effects of extracts of adrenal 
rests contained in renal tissue. Evidence to this effect is 
submitted in the section on the organotherapy of kidney sub¬ 
stance on page 703 of the present volume. The existence of 
adrenal rests is the recognized source of hypernephromata (sec 
page 129); indeed, Lewandowsky found-that the effects obtained 
from renal venous blood differed in no way from corresponding 
quantities of venous blood obtained elsewhere in the body. As 
to the rise of temperature, the elevated blood-pressure, and the 
dyspnea, they are all typical effects of adrenal extracts. Fuchs 
and lloth^* found that adrenalin increased markedly the intake 
of oxygen and the output of carbon dioxide, while Beichert, 
lupine, and Morel noted that adrenal extracts increased the 
temperature along with the blood-pressure. Oliver and Schafer 
not only demonstrated the latter phenomenon, but also the fact 
that adrenal extracts produced dyspnea and could even arrest 
respiration. This observation, which was recently confirmed by 
Langlois and Qarrelon, is obviously due to toxic spasm of tl>e 
respiratory muscles, the precursor of the convulsions witnessed. 
As to the benefit obtained with renal extracts, they were simply 
due to the detbxicatory action of the adrenal principle first 

” Blng«I and Strauss: Deut. Arehlv fflr Win. Med., B. sctI, S. 476, 1909. 

** Pearce: Archives of Intern. Med., March, 1912. 

Fuchs and Roth: Zeltsch. t. Pathol, u. Ther., B. x, p. 197, 1912. . 
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pointed ont by Langlois and now generally recognized. On the 
whole, the following conclusion seems to me warranted. 

No iniemai secretion of the kidneys exists; all effects of 
renal extracts witnessed are due to the adrenal principle the 
kidney normally contains. 

What evidence is available tends to show that the kidneys 
are closely related functionally with the ductless glands and 
with the adrenals in particular. 

As stated by Howell,^* “the kidneys receive a rich supply 
of nerve-fibers,” altliough “most histologists have been unable 
to trace any connection between these fibers and the epithelial 
cells of the kidney tubules.” Interpreted from my viewpoint 
such a connection is not in the least necessary, since, as shown 
by Claude Bernard, the function of an organ is dependent 
upon tlie volume of arterial blood circulating through it. My 
view is fully sustained by the prevailing doctrine, since, as 
Howell says, the marked effects obtained during purely physio¬ 
logical experiments are “all explicable by the changes produced 
in the blood-flow through the organ.” It becomes a question, 
therefore, as to how and by what nerves this blood-flow is regu¬ 
lated, for, as stated by Stewart,^* “increased blood-flow entails 
increased secretion.” 

That the vasodilation necessary to the inception of an ex¬ 
acerbation of function—as it is in the submaxillary gland— 
occurs in the kidney as well as in the organs previously reviewed, 
is shown by the e>:perimentB of Bradford,^^ who found that 
vasodilator nerves entered the kidney with the vasoconstrictor 
fibers, and that when the anterior roots of the eleventh, twelfth, 
and tliirteenth dorsal uen'o roots were stimulated with induc¬ 
tion shocks one second apart, the organ swelled though no 
'sufficiently marked rise of blood-pressure occurred to account 
for it. 

Stewart’** also states that the presence of dilator fibers 
for the kidney has been “demonstrated in the splanchnic nerves. 
That it is these vasodilators which enhance the flow of urine 
is sustained by the prevailing opinion that true secretory nerves, 

” Howell: T. B. o* Phyelpl., eecond edition, p. 763. 1907. 

** Stewart: Loe, rtt., p. 419. 

” Bradford: Jour, of Phyelol., vol. x, p. 3B8, 1889. 

** Stewart: Loe. eit, p. 15S. 
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i.e., nerves influencing directly the epithelial element^ are not 
present in the kidney. 

The source of these renal vasodilator nerves is disclosed 
by the fact that it is only by stimulating the splanchnic that 
the caliber of the renal arteries is increased. Indeed, Eckhard^* 
found that stimulation of tlie vagi below the diaphragm docs 
not influence the flow of urine. This imposed the conclusion 
that even the vasodilators of tlie kidney belong to the sym¬ 
pathetic system. This is conflrmed by the researches of Berk¬ 
ley*® which showed that "the innervation of the kidney is de¬ 
pendent directly upon the great sympathetic; and histologically 
speaking, it is found that all tlie nerves of the glands belong to 
the non-medullated type.” Briefly, the vasodilator nerves of 
the kidney which promote the flow of urine belong to the sym¬ 
pathetic system. 

How are the arteries restored to their normal caliber— 
that compatible with the normal excretion of urine? 

In the light of the conclusions submitted in the foregoing 
pages the kidneys should receive fllaments capable of causing 
constriction of the renal arteries when the excretory activity of 
the organs is to be decreased. That such is the case has been 
shown experimentally by many observers. In the dog, the 
vasoconstrictor nerves leave the cord, according to Stewart, "by 
the anterior roots of the sixth thoracic to the second lumbar 
nerves and especially the last three thoracic.” Langley*^ ob- 
sen-ed prompt and great pallor of’the kidney and upper part 
of the ureter on stimulating the first lumbar nerve, and slower, 
though still great, pallor on stimulating the second lumbar in 
the cat. As stated by Starling** a rise of the general blood- 
pressure coincides with marked shrinkage of the kidney, so 
that the effects observed by Langley must be of vasomotor origin. 
Moreover various toxics known to raise the vascular pressure 
produce effects similar to stimulation of the renal vasomotor 
nervM. Thus Sakussow*' recently found that digitalin in 1 
to 1,000,000 solution caused contraction of the renal vessels. 

"Bekliard: Cited bjr Starling, BebSfer’a “T. B. of PbyBloI.,” vol. I, p. 64B. 

■■ Berkley: Jour, of Path, and Ract., vol. I, p. 40S, 18^ 
n Langley: Schlfer’a “T. B. of Physiol./' vol. li. p. 64S. 

*■ Starling: IbU,, vol. I, p. 646. 

MBakuaaow: Vratch, April 10. UOt. 
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The eame effect was obtained from a 1 to 1,000,000 solution of 
adrenalin. The latter result accounts for the fact that Brad¬ 
ford^* obtained renal vasoconstriction by stimulating, besides 
the nerves included within the above limits, the fourtli and 
fifth thoracic, thus including among those stimulated the fibers 
which pass to the splanchnic and thence to the kidneys. He 
found, however, that the most active vasomotor nerves were those 
of eleventh, twelfth, and thirteenth thoracic. That all these 
filaments are distributed to tha arterioles in the organs lias not 
only been established histologically, but, as stated by Buhm, 
Davidoff, and Huber,"® "from the plexuses surrounding the ves¬ 
sels small branches are given off which end on the muscle-cells 
of the media. 

As to the source of the vasoconstrictor fibers, it corresponds 
with that of the vasoconstrictors supplied to other abdominal 
organs, the splanchnic. Thus Nollncr"® and others have traced 
these nerves from the sympathetic chain through the great and 
small splanchnicB to the solar plexus, and thence to a network 
of fibers lying in the fat between the adrenal and the kidney. 
Several of the filaments were found by Hollner to enter the 
latter with the renal artery. 

We thus find ourselves in the presence of the surprising 
fact that both the vasodilator and vasoconstrictor nerves of the 
kidneys, those which preside over the functions of these organs, 
are.of sympathetic origin. Indeed, as will be shown later, this 
is a characteristic of the adrenals, these organs and tlie kidneys 
working in harmony: the adrenals by supplying, as we have 
seen, the oxidizing substance of the blood, which takes part, 
among other functions, in the disintegration or proteolysis of 
waste-products in order to convert them into eliminable end- 
products f the kidneys, by insuring the excretion of these end- 
products from the syitem. 

This, accounts for various observations that present knowl¬ 
edge fails 'to explain. Thus Aubertin and ^bert*^ found 
concomitant Iwions, both on naked eye and microscopical exami¬ 
nation, in the adrenals and kidneys in all cases of nephritis 

** Bradford: Jour, of PhyMoI., toI. x, p. 388, 1896. 

“ BShm, DuTidoS, and Huber; Tmi, rtt., p. 385, 1906. 

NoIIner: Beltr6||e i. Anat. u. Phyalol. t. Bokhard, B. It, 8.189, 1868, 

" Aubertin and Ambert: Tribune mSdicale, p. 119. 1904. 
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studied by tliem cliaracterized by higli-pulse tensiou. The lat^ 
ter phenomeaoiL suggests that while an excess of adrenal secre¬ 
tion was being produced—this product and adrenalin causing, 
as is well known, a marked rise of the vascular tension—the 
kidneys had also been overworked in these cases, i.e., excessive 
excretory activity had brought on the nephritis. In other words, 
marked increased functional activity of the kidneys, as repre¬ 
sented by renal vasodilation, should coincide—since the ad¬ 
renals are simultaneously stimulated—^with increased vascular 
tension. This has been actually observed experimentally by 
C'avazxani,** though unexplained by him. He found that urea 
caused simultaneously expansion of the kidney—and therefore 
an increased, jiroduction of urine—and general vasoconstriction. 
Puncture of the floor of the fourth ventricle (Bernard’s piqure) 
produces glycosuria through the intermediary of the adrenals, 
as will be shown elsewhere; a similar puncture also produces, 
as stated by Stewart, "a copious flow of urine.” We need not 
go beyond common experience to And ample proof of the fact 
that polyuria ia a prominent symptom of diabetes, i.e., that the 
adrenals and the kidneys work in harmony. The importance of 
this relationship asserts itself when the obscurity surrounding 
the question is recalled. Thus referring to polyuria, Hensell, 
Well, and Jelliffe"* mention their observation tliat "it is common 
to two diseases—diabetes mellitus and chronic interstitial 
nephritis—but in either case a clear explanation of this symp¬ 
tom does not exist.” 

Pending additional evidence to this effect the following 
conclusions as to tlie functions of the kidney appear to us 
warranted:— 

1. When the flow of urine is to he increased, the renal 
arterioles are dilated hy vasodilator terminals of the sympa- 
thetic which reach the organ hy way of the splanchnic nerves 
and the semilunar ganglia. The glomerular tvfts being thus 
traversed hy a greater volume of hlood the components of urine 
are thus filtered out into Bowman's capsule. 

2. When the flow of urine is to he decreased the same arteri¬ 
oles are reduced to their normal caliber hy the vasoconstrictor 

■* CsTUsanl: Arch. lUI. da blol., toI. ztIII. p. 1S8. 

**Baiiael, Well, and JeinSa: “The Vrine and Facea," IMK, 
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filaments of the sympathetic which reach the kidneys also by 
way of the splanchnic nerves. 

S. The adrenals and the kidneys are ftmctionally united, 
the adrenals contrihuiing by their secretion to the conversion 
of waste-produets into end-products which the kidneys excrete 
with the urine. 

With the functions of the kidneys as complemcntal to those 
of the adrenals, what we have termed tlie “adrenal system” 
acquires greater importance in the vital functions of the organ* 
ism as a whole: it supplies the body the substances which sus¬ 
tain, oxygenation and metabolism, but provides also for the 
elimination of end-products of catabolism and other wastes. 
By “substances” here are meant both the adrenal and thyroid 
secretions. The former of these, by becoming oxygenized in the 
lungs, constitutes the oxidizing substance of the blood, i.e.. the 
albuminous portion of its hasmoglobin; the thyroid secretion as 
previously stated, and as will be shown, enhances the vulncr- 
abilitv of all tissues to oxidation, inchiding the adrenal center 
in the pituitarj' body. 

As to the functional relationship between all these organa, 
ihey may be briefly summarized as follows, ponding additional 
evidenee:— 

The pituitary body contains a center which governs the 
functional activity of the adrenal system and of the kidneys. 
.\ny excitation of this center by certain toxics that may occur 
in the blood increases the functional artirity of the organs of 
this system; the adrenals and thyroid apparatus, and also the 
kidneys, and, therefore, general metabolism and renal excretion. 

The importance of this functional combination is' self- 
evident. Whde the adrenal system sustains metabolism, the 
kidneys, governed by the same center, can eliminate the waste 
products formed in the course of this process uninterruptedly as 
they appeojr in the blood. 

the adbenal system and the generative glands. 

Testicles. —^Tjeydig showed in 1850 that the interlobular 
connective tissue of the testicle contained epithelial cells. All 
t'vidence available tends to show that, in accord with the con- 
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elusions of liegaud and Poli(»rd,'’" confirmed repeatedly by othe' 
observers, these cells, which are situated between the senunifer 
ous tubul«^ are tlie source of the internal secretion whicl, 
endows the body wiili the male characteristics. The Leydig 
cells are functionally united with the sperm-cells, and, as showu 
by Begaud and others, undergo considerable development prior 
to spermato^nesis. Besides tliis functional connection with the 
latter process, their secretion is supplied to the organism at largo, 
through the intermediary of the lymph- or blood- vessels. 

The influence of the internal secretion of the cells of Tjey- 
dig on the body at large is well shown by the influence of early 
removal of the testes, ie., castration. A tendency to obestty of 
a feminine type, due to slowed catabolism of fats, scantiness of 
hair, deficient development of the thorax, pelvis, and larynx, the 
voice remaining high pitched as in the child. The muscles lose 
their tone and tlie prostate and vesiculee seminales fail to 
develop, the bones of the extremities, however, growing abnorm¬ 
ally long. The mental attributes of the male sex are also lack ¬ 
ing; while the intelligence may be normal, there is absence of 
aggressiveness and initiative and intellection is slow. As stated 
by Schaefer,®^ “the effects are mainly upon metabolism, although 
the limit of assimilation of carbohydrates is lowered.” 

While the effects of castration on man and the lower animals 
are well known, the manner in which they are produced lias 
remained obscure. Analysis of the question has led me^® to 
suggest that the testicles did not produce a true internal secre¬ 
tion, but that the adrenal rests (interrenal tissue) which they 
contain contribute to the elaboration of the sperm; and, more¬ 
over, that when through sexual abstention the secretion is unused, 
U is taken up by the circulation and distributed throughout the 
body, producing the effects of the adrenal secretion (in organic 
combination) upon the tissues at large. 

The presence of interrenal tissue or adrenal rests in the 
testicle is well known. Wiesel®* found it imbedded in both the 
testicular tissue and in the paradidymis. These correspond with 
the cortical portion of the adrenals, the cytoplasm of the inter- 

**Regaud and PoIlMrd: C.-r. de la Boo. de Bloloile,. April, ttOL 

■* Scliaafer: “Lane Medical iMturea," p. MS, ISIS. 

•■Sajona; New York Med. Jour.. Sept. 4. ISOS. 

■* WIeeel: BlUamvbericbtie d. k. Akad. a. Wien, B. US. ISSS. 
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cells containing also the lipoid granules, blackened by 
osmic acid (Schaefer**), and also, according to Heinke,** crystals 
the nature of which is unknown. The medullary portion of 
the adrenals is also represented as a constituent evidently of the 
seminiferous tubules or sperm-cells, since spermin (isolated by 
L’oehl) gives the reaction, chemical and physiological, of ad¬ 
renalin. Thus spermin was identified by Poehl as an oxidizing 
body, acting catalytically, a property I had attributed to the 
adrenal principle. As is the case with the latter also, spermin 
resists heat up to, and even, boiling; it is insoluble in ether and 
practically, insoluble in absolute alcohol, and gives the guaiac, 
Florence, and other hsemin tests. It likewise raises the blood- 
pressure, slows the heart, and produces all other physiological 
effects peculiar to the adrenal principle. Moreover, it is re¬ 
garded in Europe as a powerful “oxidizing tonic” and has been 
found equally useful in disorders in which adrenal preparations 
had given good results. As does adrenalin, it produces quicken¬ 
ing of the respiration, while large quantities inhibit it,- as shown 
by Dixon, Langlois, and others. 

Its independence of any connection with sex characteristics 
is shown by tlie fact that it has been found in the blood of 
females as well as in that of males. 

Additional testimony is afforded by the fact that while, as 
stated by Hansemann,** “the cells of T^ydig are concerned in 
the production of testicular tumor,” the characteristic effects of 
such tumors on the organism at large arc precisely those pro¬ 
duced by a tumor of the adrenal corte.v, or of adrenal rests in the 
kidney, which represent 17 per cent, of the tumors of this organ. 
These tumors, as we have seen under a previous heading, cause 
in children abnormal sexual and physical development, with 
marked increase of strength, abnormal growth of hair over the 
pubis, axillae, legs, and trunk, lowering of the voice,—^an aggre¬ 
gate of anomalies which cause a child of 5 years, for instance, 
to be transformed into a young adult in weight, strength, sexual 
development, etc. (See the illustration on next page.) Now, as - 
to the testicular growths Schaefer*^ writes: **Remarkable cases 

** Schaefer: Loe. tit,, p. SB 

'■Reinke: Archlv t. mlk. Anat, B. 49, ISM. 

"RaaaemaBii: Oted hr Bledl. “Internal Secretory Organa,” P. SM. ISU. 

*' Schaefer: Lae. elt., p. M. 
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have been described in both male and female sex in which tumors 
of the testicle and ovary, apparently malignant in character 
[see page 131 of this volume for corresponding symptoms in 
malignant hypernephroma], occurring in children, have been 
accompanied by a general growth of stature and by premature 
appearance of secondary sexual characters such as growth of 
hair on the face in the male and in the armpits, and on the 
pubes in both sexes, development of breasts and generative 
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organs: in short, all the signs of puberty, Avliich, on removal 
of the tumor, have been found to disapiKjar.” 

The presence of spermln in tlie blood of females referred 
to above is an important feature of tlio problem as a whole, 
for it shows that its chemical homologue, the adrenal product, 
is the detgmining factor of sex production. Thus we have seen 
(page 302) that tumors of the adrenal cortex caused females 
to undergo changes toward male characteristics, male organs 
having become sufficiently developed in 10 of the women re¬ 
ferred to by Apert as to cause them to live as men. This trans¬ 
formation is well shown in the above cut, illustrating tlie 
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(•a% described on page 301, reported by Jump, Beates, and 
Wayne Babcock. Suggestive also in this coimection are the 
(•xperiments of Allen J. Smith and W. J. Crocker,** who found 
tJiat by injecting a saltrsolution extract of a cock’s testis into 
hens these animals showed many indications, of assuming male 
characteristics. The comb ib. most cases increased in size and 
l>rightened, the wattles likewise. In some of tlie hens the neck 
feathers became somewhat more brilliant, tlie same peculiarity 
applying to the small feathers at the base of the tail. In one 
hen a slight but distinct growth of spurs was recognized. Some 
of the hens became combative, and several times they attempted 
to cover otlrnr hens after the manner of Uie cock. 

On the whole it seems clear that it is to the secretion of 
adrenai tissues, wherever sUmted, that the male characteristics 
are date. This phenomenon finds a ready cxplanation*in my view 
that the adrenal secretion supplies the blood the oxidizing fer¬ 
ment which as a catalyzer endows living tissues with their vital 
dynamism. 

Dixon,** after using orchitic injections, concludes that the 
effects observed were due to its nucleo-albumin. Orchitic ex¬ 
tracts are known to contain nuclein, a fcrrinuclein according to 
Cavazzani,*"* in the proportion of about 2.4 per cent. But this 
applies to semen, in which spermatozoa and other substances 
containing nuclein are present. Still, absence of functional 
testes being knoAvn to produce abnormalities of the bones, it is 
probable that the thymus is involved in the process. This is 
further suggested by the fact that llatai“’ found that in white 
rats removal of the sex glands caused the thymus to increase to 
almost twice its size. This feature of the process belonp to 
the generative sperm-cells, and not to the interstitial cells of 
I^eydig. 

With the ao-callcd internal secretion of the testicle identified 
as a product of adrenal rests in this organ, and recalling the 
action of the adrenal product upon oxidation, metabolism, the 
vascular tension, etc., we can understand the morbid effects of 
masturbation and excessive venery—^particularly the debility, 

** SmlUi and Cracker: New York Med. Jour., July B, 1918. 

**01x011: Brltteh Med. Jour., Sept. 81, 1907. 

*** Cavaiseni: Gauetta d. Oep. e d. ClinlBoke, June 88, 1903. 

^ Hatal: Jour, of Bxper. ZoOlogy, Jaa., 191J>> 



478 THB ADRKNAL SYSTEM AND THE GENERATIVE GLANDS. 

laDguoTj mental torpor, and deficient growth in boys addicted to 
these habits. These symptoms coincide with those which, we 
have seen, follow castration. Bouin and AnseP**’ have shown, 
moreover, that extracts of interstitial tissue counteracted the 
effects of the latter operation and tended to promote growth. 

On the whole the above data seem to warrant the following 
conclusions:— 

1. There is no true inlertial secretion of the testes, the 
products of the epithelial (Leydig’s) and seminal cells which 
unitedly take part in the formation of the seminal fluid, being 
derived mainly from adrenal rests in those cells. 

2 . When seminal fluid is not secreted during coitus, mas¬ 
turbation, etc., that part of it contributed by the epithelial and 
seminal cells is added to the asset of adrenal products in the 
body at large. 

Ovaries. —^There is considerable analogy between the char¬ 
acteristic effects of castration in the male and those following 
removal of tlie ovaries in the young. What remains of the 
genital organs, the uterus, vagina, and vulva, and also the 
breasts, retain their infantile type. In developed females this 
operation tends to produce atrophy of the same structures and 
obesity (also observed in men after castration), menstruation 
meanwhile ceasing. The influence of the ovaries on metabolism 
also corresponds with that of the testicles. The dictum of 
Brown-S6quard,—^to whose remarkable physical improvement 
under the influence of testicular extract I can bear witness,— 
that this agent is more efficient than ovarian extract in the 
treatment of women, suggests a kinship between these two or¬ 
ganic substances. This is emphasized when the pharmacological 
action of ovarian extract is considered. It raises the blood- 
pressure and slows the heart, as shown by Fedoroff,“* Jacobs,^* 
and others. Removal of the ovaries, moreover, reduces the 
oxygen intake 10 per cent., as shown by Loewy and Richter,’®* 
while ovarian extract restores it; it has Been, therefore, regarded 
as an oxidizing ferment. lircumann and Vas’®* noted that 

Bouin and Ansel: C.-r. de I’Acaddmle des Sciences, Jan., 1904. 

Fedoroff: La Oyndcologle, Oct 16, 1891. 

Jacobs: Dublin Jour, of tbe Med. Bel., Sept 1, 1897. 

M Loewy and RIebter: Berlin, kiln. Woch., Bd. a«Tl, B. 1096, 1889. 

>**Nettnuuin and Vas: Monats. f. Geburtsb. u. Gyn., Bd. xv, B. 433, 1908. 



THB ADRBNAL SYBTBU AND THB OBNBRATIVE GLANDS. 479 

ovarian extract eulianccd metabolism; Senator observed that 
ovarian preparations increased diuresis and the excretion of urea 
and phosphoric acid. Its physiological effects are those of adre¬ 
nal preparations, therefore, in every respect. 

Its effects on oxidation are so striking, in fact, that they 
Imve been clearly recognized by many clinicians^ "We are 
authorized to classify ovarian organotherapy among the oxidizing 
agents,” write Dalch6 and L^pinois.^®^ "This conclusion, it must 
be admitted, is that reached by several authors. Curatello and 
Tarulli believe that the internal secretion of the ovaries favors 
the oxidation of phosphorized organic substances, hydrocarbons, 
and fats. According to Gomes, it enhances oxidation and 
liydrolysis and favors the elimination of phosphates. . . . 

Albert Bobin and Maurice Binet have shown that there is during 
menstruation an increase of the respiratory exchange. Keller, 
studying the general exchanges, found that tliere was increased 
nitrogen oxidation. We have ourselves found that menstruation, 
in itself, enhances vital functions and particularly the great 
function of general oxidation.” Sauve*®" states that ovarian 
extract increases the luemoglobin content of the blood. 

To which of the ovarian tissues, the Graafian follicles, the 
corpora lutea, or the interstitial cells, must this pharmacological 
action be attributed? 

According to Mulon'®* (1904), the corpus lutenm presents 
all the morphological characteristics of an aggregate of chrom¬ 
affin cells, to which class the cells of the adrenal medulla also 
belong. Indeed, Frenant^*® found that, both in origin and 
histological structure, the corpus luteum, which remains ^fter 
elimination of the ovum, sliows all the characteristics of an in¬ 
ternal secretion gland. Schaefer states that its extreme vas¬ 
cularity suggests that its product passes into the blood. This 
nrould explain its influence upon distant organs such as the 
mammary glands; Ancel and Bouin”^ having shown that the 
development of the latter coincided with that of the corpora 
lutea, and that destruction of these bodies arrested the develop- 

'"DalchS ud LSpInoIa: Bull. OSufir. de Tlidrap., Jan. 8, 1902. 

SauTd: Porla MMlcal, April 1, 19U. 

Mttlon: C.-r. de la Soc. de Biol.. Tol. Ivl, p. 113, 1904. 

Prenaat: Revue QdnArale dea Selencea, 1898. 

Ancel and Bouin: C.-r. de la Soc. de Dtol., toI. IxtU, p. 468, 1908. 
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mclit of the iiiiuiMiiary gland. The coqx>ra lutea are endowed, 
however, with other important functions. According to Handler, 
it assists not only, in the preparation of the uterine mucosa for 
the formation of the uterine deciduum and in the reception and 
fixation of tlie ovum, but also, as first shown by Prenant,“* and 
in common with the ovarj' proper, it serves to protect the 
maternal organism against the destructive local activities of the 
parasitic ovum and its placental secretion. When impregnation 
does not take place, the proliferation of the lutein cells occurs 
only during the few days which the menstrual cycle lasts. 

The corpora lutea are formed, as is well known, after the 
discharge of tlie ovum, in the Qraafian follicles, the lining of 
■which forms folds and become permeated with blood-channels. 
When pregnancy occurs, the epithelium of tlie Graafian follicles 
proliferates, its cells increase in size and become filled with 
yellowish granules: the corpora lutea. The follicles have been 
credited with the power to promote the nutrition of the uterine 
mucosa and to initiate the premenstrual congestion of the latter. 
From my viewpoint all these functions are to be attributed to the 
corpora lutea of the Graafian follicles; though by "function” 
here I mean only the part the former play as chromaffin cells 
(of which, wo have seen, they possess all the morphological 
characteristics) in reactions with other agencies. What is the 
nature of these bodies? 

A suggestive fact is that the structure described by Bouin^’* 
as the intersiiiicU gland is known to fulfill various functions 
attributed also to the corpora lutea. It becomes enlarged dur¬ 
ing* menstruation as well as during pregnancy, thus sustaining 
sexual life up to the menopause. It attains its highest develop¬ 
ment during the pregnant state, beginning with the nidation 
of the fertilized ovum in the uterus. Tiocated in the ovarian 
stroma, interstitial cells have been found to maintain the nutri¬ 
tion and integrity of the uterus, through some process as yet 
undetermined. ■ 

From my viewpoint, this process is explained through vari¬ 
ous facts brought out in the course of our analysis of testicular 
internal secretions, and the conclusion submitted that adrenal 

••• Prenant: iMt. ttt. 
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rests, medullary and cortical, constitute the so-called internal 
secretions of these organs. Thus, Limon,^^* quoted by Biedl,^** 
found tlijt “the iuteretitial tissue of the ovary is coiu{H)8ed of 
epithelial cells, tlie protoplasm of which is filled with granules 
resembling fat which stain black with osmium. These cells are 
differently placed in different animals; they arc sometimes 
arranged in compact masses and cords.*^ Now, this description 
applies precisely to the cortical portion of the adrenals. In¬ 
deed, this similarity had been noted by others than myself in 
respect to the ovaries. “That the interstitial stroma cells 
possess a secretory function is suggested,” also writes Biedl, “by 
the presence of fat granules and other secretory enclosures, as 
well as by certain resemblance, commented upon by many 
(Mulon, Wallart), to the cells of the suprarenal cortex.” 

Alttiough Bonin gave the ovarian cells of this tjqie the name 
of “interstitial,” they do not correspond with the interstitial or 
Tieydig cells of the testicle, which, as Schaefer states, “show, 
when present, many analogies with the cells of the corpora 
lutea.” This physiologist also expresses the opinion that the 
corpora lutea appear not to be concerned with the secondary sex 
phenomena. Interesting in this connection is what has been 
termed, “a remarkable instance of the correlation of the corpus 
lutcum with the secondary sex characters” described by Pearl and 
Surface,*’® of the Maine Agrieultural Experiment Station. A 
cow which had produced three calves and given an abundant flow 
of milk suddenly ceased to produce the secretion from the mam¬ 
mary gland. The udder rapidly shrank to a small size and 
the animal began to show the external characteristics of a bull. 
After a lapse of eight months the assumption of the male char¬ 
acters in various regions of the body was complete and perfect. 
A necropsy showed, as the only gross abnormality, a simple 
cystic condition of the ovaries. Histologically and cytologically 
these organs differed from the normal cow’s ovary in only one 
essential respect, namely, that they had no corpora lutea, thus 
leaving the interstitial cells intact. Tf ahxenre of corpora lutea 
played any r81e in the process it coxild only be a passive one 


iMLlmon: Archlrwi 4'«nat. mlcrowop.. vol, v. te«c. H, Sept, 1902. 
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whiuli uudowed the “ioterstitial orgau” of the uvaiy with active 
rdle. Such being the case, and the interstitial gland‘correspond¬ 
ing, as observed by Hulon, Walladi, and myself) with the ad¬ 
renal cortex, we are brought to realize that the secondary sex 
characteristics are aitribtdable, in the female, to the ovarian in¬ 
terstitial cells, which correspond morphologically and chemicedly 
wUh those of the adrenal cortex. 

On the other hand, the foregoing analysis tends to show 
that the interstitial cells of the female are not the same struc¬ 
tures as the interstilial (Leydig) cells in the male; the Leydig 
cells, connected functionally as they are with the sperm-cells, 
correspond with the Qraafian follicles and their corpora hied, 
as secreting structures. ■ 

On the whole, however, and in keeping with conclusion 1 
submitted in respect to the testicles: There is no true internal 
secretion of the ovaries, the products of the Oraafan follicles 
and their corpora lutea and of the interstitial stroma-cells being 
derived mainly from adrenal rests in those cells. 

Here, however, the. physiological rSle of the testicular 
products cannot be reproduced, for if, as in the male, the 
products of the adrenal rests were absorbed when not secreted 
through sexual congress, masturbation, etc., the male character¬ 
istics would assert themselves in the female through the accu¬ 
mulation of the secretion of her interstitial cells. Hence, to 
proi'ide against the loss of female characteristics through occur 
mulaiion of the secretion of the inerstitial glands in the body 
at large, the products of the ovarian adrenal rests are eliminated 
periodically, i.e., during the menstrual cycle. 

It is because of this fact, as we have seen, that the loss 
of the testicular glands causes in the male the appearance of 
female characteristics, while in the female the accumulation 
through tumors, etc., of adrenal cel]8, causes the development 
of male characteristics. 

. Finally, when pregnancy occurs, all the dynamism which 
the adrenal rests proi>ide through the influence of their secretion, 
acting mainly as catalyzer, on oxidation, become necessary for 
the development of the new being, lactation, etc., and the men¬ 
strual cycle ceases. 



CHAPTER X. 


THE POSTERIOR PITUITARY AS A GENERAL NERVE- 
CENTER AND AS CO-CENTER OP THE ANTERIOR 
PITUITARY IN SUSTAINING LIFE. 

THE IDENTITY OP THE LOWER BRAIN. 

In the earlier editions of this work I urged that certain 
centers in the medulla oblongata were probably but subsidiary 
centers which received nervous impulses from the pituitary body 
by way of the tuber cinereum and other basal structures. I 
held, moreover, that "inhibition” as obtained by physiologists 
represented a pathological phenomenon in that it was caused 
by excessive constriction of the cardiac arterioles provoked by 
vasoconstrictors contained in the nerve stimulated, the vagus. 

As is well known, it was the work of the brothers 
Weber (1845) which, first suggested that the heart could 
l)e "inhibited” by stimulation of a definite region in the me¬ 
dulla. Their experiments differed from those wc have re¬ 
viewed in that the tissues of the base of the brain were tra¬ 
versed by the current, thus exciting structures in which wc 
bavc seen sympathetic and other nerves pass from the pituitary 
to the bulb. One pole having been placed in the nasal cavity 
of a frog and the other on the spinal cord over the fourth or 
fifth vertebra, the heart’s action momentarily ceased, then 
gradually resumed its normal activity. Approximation of the 
poles upon the cerebral hemispheres and stimulation of the cord 
produced no effect upon the heart. "Not until the medulla 
oblongata between the corpora quadrigemina and the lower end 
of the calamus scriptorius was stimulated,” says William T. Por¬ 
ter, "did the arrest take place. Cutting away the spinal cord and 
the remainder of the brain did not alter the result.” The level 
of fibers from structures below the brain is also suggested by 
' Ihe effects of experimental injury of tho bulbar area which 
Flourens termed Je nmtd vitai. 
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Galea had already noticed that death ^nBued when a cei-. 
tain spot in the floor of the fourth ventricle close to that 
which is now known as the center of the vagus was injured. 
But Legallois and Mourens have added much to out l^owl- 
edge of its physiological relations, and the spot in question, 
as we have seen, is still considered as the r^piratory center. 
“The results of various investigations show, however,” says 
Beichert,^ “that Flourens’s area, as well as certaiii other parts 
of the medulla oblongata that have been looked upon by others 
as being respiratory centers, are not such, but are largely or 
wholly collections of nerve-fibers which' arise chiefly in the 
roots of the vagal, spinal accessory, glosso-pharyngeal, and 
trigeminal nerves, and which, therefore, are probably nerve- 
paths to and from the respiratory center. Moreover, excita¬ 
tion of the 'nmd vikV does not excite respiratory movements, 
but simply increases the tonicity of tliq diaphragm; nor is the 
destruction of the area always followed by a cessation of res¬ 
piration. While the precise location of the center is still in 
doubt, there is abundant evidence to justify the belief in its 
existence in the lower portion of the spinal bulb.” That we 
are again dealing with the aggregate of centers to which the 
pituitary body projects its fibers suggests itself. Flourens 
located his “vital Imot” in an area five millimeters wide be¬ 
tween the nuclei of the vagus and spinal accessory nerves— 
again in the lower end of the calamus scriptorius: i.e., a region 
comprised in the area to which the Weber brothers applied 
one electrode, the other being in the nose, when cardiac arrest 

or inhibition whs first observed bv them. 

¥ 

An interesting relationship seems to me to exist between 
these two sets of experimental results. Indeed, the area to 
which the pituitary body sends its fibers thus becomes the 
source of antagonistic effects involving the same structurM: i.c., 
the Weber brothers caused arrest of the heart by causing undue 
constriction of its coronaries and ischemia of the myocardium, 
in the manner previously described, while the lesion produced 
by Flourens in the same area, when sufficiently severe, blocked 
the flow of impulses to and from the heart. Flourens’s nmd 
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rital, therefore, is no more the respiratory center than the area 
iraversed by the current can be called an “inhibitory” area. 
W'e are simply dealing with the results of two morbid factors; 
overstimulation (Weber) and interruption (Flourens) of 
pliysiological—and therefore functional—^impujses transmitted 
ill rough the medulla and the cord. 

In the fifth chapter reference was made to the fact that 
the posterior pituitary lobe alone, as shown by Uowell, con¬ 
tained an active principle. This lobe, the “infundibular,” has 
long been termed' the “neural” portion of the whole organ, 
and appears to me to present anatomical features that further 
suggest a direct connection between it and the cerebro-spinal 
centers. Hence the use of the words “physiological impulses 
transmitted through the rii^ulla and the cord.” The question 
becomes all the more worthy of a searching inquiry, inasmuch 
ns a casual examination of the mutual relations, anatomical 
and physiological, of the cerebral structures traversed by the 
current in the experiment of tlie Weber brothers suffices to 
show that the elements thus submitted to excessive stimulation 
coincide with those which would normally fall under the in¬ 
fluence of the posterior pituitary body. 

The physiological characteristics of the parts influenced 
by the current must first be ascertained. In the frog, the dis¬ 
tance between the nose and the medulla being very short, a 
current would implicate all elements in its direct path, con 
sidering the character of the structures travei'sed. In this 
animal, the lizard, etc., the nasal nervous terminals, the tissue 
about the floor of the median ventricle and the habenula, 
appear to me as the paths that would be involved. In man the 
distance between the olfactory area or the nasal subdivisions 
of the fifth pair and the medulla is also relatively limited, and 
tbe intervening structures are of such a nature as to also allow 
tlie current to pass uninterruptedly in a straight path. But the 
floor of the modiaTi or third ventricle, which in its anterior 
portion overlies the base of the skull and is very tliin, becomes 
what appears to be the inevitable path of free conduction, owing 
to this proximity of the olfactory bulb and the trigeminal nasal 
terminals to the medullary centers. Of special interest^ Here, 
however, is the fact that in man (and to a great extent in the 
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frog) the first stmcturo reached by the Current after the uattul 
structures would be.tlie infundibular portion of the third Yen- 
tricle: i.e,, that connected with the posterior pituitary lobe. 
Again, and very suggestive, is tlie fact that these structures and 
all those falling in the line of the current form part of what 
Professor Foster terms “in point of origin the oldest part of 
the brain” and “the centrid gray ipatter” which “seems to 
serve chiefly as a bed for the development of the nuclei of 
the cranial nerves.” Indeed, we might repeat that, as stated 
by Beichert,* “one center has'been located in the rabbit in the 
iuber cinereum, which has been named a polypnoeic center 
because, when excited, the respirations are rendered extremely 
frequent” . . . “Another area has been located in the optic 
thalamus, in the floor of the third ventricle; this center,” 
says the author, “is believed to be excited by impulses carried 
by the nerves of sight and hearing, and when irritated causes 
an acceleration of the respiratory rate.” 

The more dorsal portion of the current would strike a 
no less important physiological region. “Next to the central 
gray matter,” says Professor Foster, “and more or less asso¬ 
ciated with it, comes what is called the tegmental region, of 
which the reticular formation coming into prominence in the 
bulb and continued on to the subthalamic region forms, as it 
were, the core. Belonging to the tegmental system are nu¬ 
merous masses of gray matter from the conspicuous optic 
thalamus and the red nucleus in front to the several nuclei of 
tlie bulb behind. This complex tegmental system, which may, 
perhaps, be regarded as a more or less continuous column of 
gray matter, comparable to the gray matter of the spinal cord, 
serves as a sort of backbone to the rest of the central nervotts 
system" 

The morbid effects of the current become normal conse¬ 
quences when we consider that the structures travelled by it 
include those that even emotions will disturb. Beferring to 
the posterior portion of the pons, that adjoining the tissuea 
that form the fourth ventricle and which represents the down¬ 
ward continuation of the tegmentum. Professor Duval says: 
“It is, indeed, to the pons that we seem to be authorized to 
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attribute the moat important r61e m the greater emotional 
cxpreasiona, laughing and weeping, cries of pain; in a word, 
involuntary manifeatations.” That the structures such as 
liiose penetrated by the current should be suddenly jarred and 
forcibly thrown into vibratory conditions entirely foreign to 
llieir normal vibratory rhythm is manifest. That such jarring, 
especially when the current follows axially a direction opposite 
to that of a physiological stream of impulses, should so per¬ 
vert its normal influence upon the organs to which these im¬ 
pulses arc normally distributed—^heart, lungs, stomach, etc.— 
as to temporarily or permanently arrest their functions is not 
only logical, but in accord with the known effects of electricity 
upon the more highly developed structures. 

And we can also doubtless better understand why respira¬ 
tion still continues very much as usual after removal of the 
brain above the medulla, and why, indeed, all nervous mani¬ 
festations other than ideation can persist after such mutilation. 
While there is no "fMrud vital,** or ganglion of life, in the sense 
given these words by Flourens,— i.e., in the spot of the medulla 
where injury arrests respiration,—and the area so injured is 
not "the mysterious seat of tlie unknown principle of life,” 
there is, nevertheless, in this location, not a locus minus 
resistentue, but an aggregation of nervous paths from all di¬ 
rections, which an injury can functionally impair or destroy, 
according to the quantity of tissue involved and the kind of 
lesion produced. Flourens doubtl^ caused death; but in 
looking for death in his experimental animals he doubtless did 
not treat the "'nceud vital** with the gentleness of a dove. 
Death ensued—the result of conditions similar to those pro- 
iluced by the Weber brothers with electricity in the sense that 
molecular disturbance was produced. Yet the Weber brothers 
only jarred the naso-bulbar structures, and produced temporary 
inhibition of cardiac action; being more diffuse, the current 
spread over greater bulbar surface and did less injury. Flou- 
rens’s puncture, on the contrary, produced an organic lesion, 
capable not only of destroying the tissues involved, but also of 
annulling, by the circumferential compression of the neighbor¬ 
ing elements caused, the functions over which the latter preside. 
Kven. the process of repair, which at once begins under such 
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conditions, may lead to a fatal issue, the infiltration throttlii:-, 
as it were, the paths to and from organs through which life n 
sustained. When we consider the small relative size of ti.(. 
fourth ventricle, and the fact that the so-called "vital knoi.’’ 
is located in an area which may be computed only by a few 
millimeters; when we furthermore recognize tliat such iin 
injury would thus include the vagal, spinal accessory, glosgci. 
pharyngeal, and hypoglossal within its radius of morbid in¬ 
fluence, deatli as an injury to the spot becomes abnormal con¬ 
sequence. The heart and the entire respiratory system—io 
refer only to those directly concerned with life’s processes— 
are the mechanisms first functionally arrested. 

And yet while obstruction of these few square millimeters 
of bulbar elements will rapidly destroy life, it is possible, sa.vs 
Professor Foster, in the case of some animals "to remove the 
cerebral hemispheres and to keep the animal not only alive, 
but tn good health for a long time—days, weeks, or even montlis 
after the operation!” 

There must prevail in this connection, however, another 
contradictory interpretation of experimental phenomena. In¬ 
deed, how can we reconcile the presence of motor centers in 
the cerebral cortex with the ability of an animal from which 
both hemispheres have been removed to execute the motions 
ascribed to these areas? That an animal deprived of its 
hemispheres will do this is graphically shown in the following 
lines of Professor Foster’s: "We may, perhaps, broadly de¬ 
scribe the behavior of a frog from which the cerebral hemi¬ 
spheres only have been removed by saying that such an animal, 
though exhibiting no spontaneous movements, can by the ap¬ 
plication of appropriate stimuli be induced to perform all, or 
nearly all, the movements which an entire frog is capable of 
executing. It can be made to swim, to leap, and to crawl. 
Left to itself, it assumes what may be called the natunil 
posture of a frog, with the forelimbs erect, and the hindlimbs 
flexed, BO that the line of the body makes an angle with tlif 
surface on which it is resting. When placed on its back, i> 
immediately regains its natural posture. When placed on :i 
board, it does not fall from the .board when the latter 
tilted up so as to displace the animal’s center of gravity; i* 
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< rawls tip the board until it gains a new position in which its 
( enter of gravity is restored to its proper place. Its movements 
lire exactly those of an entire frog except that they need an 
external stimulus to call them forth.” It is quite clear that 
all motor phenomena are carried out, notwithstanding the ab- 
iiience of parts of the brain which have been und^iably shown 
by experiments in animals, pathological conditions of the 
human hemispheres, etc., capable of inciting them. The 
familiar convulsive movements in various parts of the body 
trunk, leg, arm, etc,, when certain motor areas are stimulated 
would mean nothing to us if the use of electricity for this pur¬ 
pose were the basis of this doctrine, but lesions in these areas 
liave unquestionably proven that they do preside over motor 
functions, not only in a general way, but in the senoe implied 
by “cerebral localization.” How account for the self-evident 
discrepancy which the entire absence of these structures indi¬ 
cates in present conceptions of the processes involved? 

We are brought nearer to a solution when the removal of 
cerebral tissues—^those to which I have referred as jarred 
by the electric current passed by the Weber brothers between 
the nose and the bulb—is continued downward until the cord 
only is left. “Very marked is the contrast,” says Professor 
Foster, “between the behavior of such a frog which, tliough 
deprived of its cerebral hemispheric, still retains the other 
parts of the brain, and that of a frog which possesses a spinal 
cord only. The latter when placed on its back makes no at¬ 
tempt to regain its normal posture; in fact, it may be said 
to have completely lost its normal posture, for even when 
placed on its belly it does not stand with its forefeet erect, as 
does the other animal, but lies flat on the ground. When 
thrown into water, instead of swimming it sinks like a lump 
of lead. . . . When a hoard on which it is placed is in¬ 
clined sufficiently to displace its center of gravity it makes 
no effort to regain its balance, but falls off the board like a 
lifeless mass.” Such a frog moves its limbs irregularly, but 
one has but to witness such motions to at once conclude that 
they are aimless, mere random expr^sions of tlie inherent 
power to contract possessed by all muscular tissues, and which 
even persist some time after death, especially in the case of 
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the h^rt-muacle. Yei^ marked is tlie cmtras^ indeed, be¬ 
tween this animal and one still endowed with the tissues o;' 
the base of the brain. ‘Tigeons, for instance, have been kepi 
alive for five or six weeks,” says the same author, "after com¬ 
plete removal of the cerebral hemisphere with the exception 
of portions of the crura and corpora striata immediately sur¬ 
rounding the optic thalami.” . . . **In warm-blooded ani¬ 
mals, as in the more lowly cold-blooded frog, the parts of the 
brain helow or behind the cerebral hemispheres constitute a 
nervous machinery by which all the bodily movements are car¬ 
ried out.”* 

That this mechanism is located below the hemispheres in 
man has also been illustrated by many cases reported, among 
which may be cited the famous crow-bar case, in which, “by 
a premature explosion of gunpowder, an iron bar three and 
a half feet long, one and a quarter inches in diameter, and 
weighing thirteen and a quarter pounds, was shot completely 
through a man’s head, and perforated his brain. This man 
walked up a fiight of stairs after the accident, and gave his 
account of how it happened. Although his life was naturally 
despaired of for some time, he developed no paralysis; nor did 
marked impairment of his intell^tual faculties follow conva¬ 
lescence. Eventually he recovered his health. Twelve years 
elapsed before his death, during which time he was a laborer 
on a farm.”* This pointedly suggests that while the cerebral 
hemispheres from the lowly frog to the highest mammal can 
only awaken motion through volition, i.e., voluntary movements, 
the base of the brain—the pituitary body as we will see—can 
automatically govern motion through the intermediary of spinal 
gray matter. 

A remark which in this connection is of particular inter¬ 
est to us is that of Professor Duval, when, referring to the 
meaning of bulbar functions, according to modem conceptions, 
he says: “For the physiologist, the medulla e-xtends above the 
limits of the vertebral column into the cranium and about up 
to the sella turcica. ” I would say into the sella turcica, for 
it seems clear to me that the posterior pituitary lobe presenlK 
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(he functional characterudic that would fulfill the reqtiiremenls 
of the complemental processes that the functions of the hemi- 
xpheres demand. 

The annexed colored plate, which represents a median and 
vertical section of the encephalon and bulb of a three months’ 
«'iiibryo, distinctly indicates the direct continuation of the cord 
up to the posterior or infundibular pituitary lobe. The tract 
connected with the posterior pituitary is colored bluish gray. 
’J’he pituitary has been added to the infundibular extremity 
of the original illustration. The relations of the structures 
which ultimately become the corpora quadrigemina by meeting 
the posterior part of the third ventricle are well shown. 

That my views in this connection are Iniscd on a solid 
foundation is further sustained by the painstaking investiga¬ 
tions of Andriezen,® w'ho traced a direct connection between 
the pituitary and the medullary and other more anterior struc¬ 
tures tlirough the various phylogenetic stages of vertebrates. 
The following statements and the table appended are quoted 
from his paper: "A survey and investigation based on all 
classes of vertebrates show that the Inqwphysis occupies tlu* 
position and relationship to the other structures which may 
be condensed in the following table:— 


“Rklation of Pitcitaby to Other Nerve-centers axi> 
IIead-rtructures in Obi>f.b from Before Back.” 


y ci'vc‘center, 

i 

1 

1 

> 

Olfactory center. 

1 

Posterior lolx! of 
pituitary. 

The bulbo-spinal 
centers. 

Tfervea. 

Olfactory nerves. 

Ilypopliyscnl 

nerves. 

l^ulbo-Rpinftl 

nerves. 

Distribution. 

Epitlielium of na¬ 
sal sac. 

Pituitary duct 
gland (anterior 
lobe). 

Buccal, etc., and 
general subcu¬ 
taneous. 

Body-region, 

Pre-oral (prosto- 
mial). 

Oral. 

Post-oral (bran¬ 
chial, etc.) and 
general body.” 


■ Andrleian: Drlttoh Medical Journaf, Jan. 13, 1894. 
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Of course, this applies to both pituitary bodies, but i 
have shown that the anterior lobe could originate motor ini. 
pulses in the partition separating it from the posterior lobo. 
and transmit them via the latter, the basal tissues, the bulli. 
the cord, tlie sympathetic chain and finally the splanchnii' 
nerve to the adrenals. That the investigations of Andriezen. 
tliough sustained by the previously recorded results of removal 
of the pituitary by Yassale and Sacchi,** should have borne bni 
little fruit, so far, is probably accounted for by his statement 
that “variations in weight bring it under the Darwinian law 
of panmixia; if so, the indication being, w’hat study of lower 
vertebrates shows, namely: that it has probably passed the 
acme of its activity and in man is functioning less vigorously.’' 

1 must express the belief, however, that, when man is 
in question, cessation of natural selection may not always mean 
that an organ has become useless, but instead that it has 
reached the acme of perfection. Tjoss of functional vigor may 
denote, in this connection, what it denotes in the human band 
as compared to that of the gorilla: t.e., gain in functional 
precision and delicacy. 

In the embryo, the posterior pituitary body opens directly 
into the third ventricle through the infundibulum. If during 
uterine existence “the whole life-achievement of myriads of 
generations of living things” is represented, the phylogenetic 
history of this organ should show traces of its ultimate func¬ 
tions. Andriezen found that in the amphioxus its analogue 
is represented by “a subneural glandular organ, a duct lined 
by ciliated epithelium which affords a communication between 
the buccal and neural cavities, and a group of nerve-cells 
around and at the back of the upper opening where the duct 
widens into the ventricular cavity.” We have here the main 
primitive structures of the pituitary in man. 

Beferring to Andriczen’s investigations, Berkley* says: 
**He has farther shown that particles of carmine, suspended 
in the water surrounding the animals, will be taken up with 
the water passing through the infundibular duct and carried 
by ciliary action into the ventricle, and thoice into the central 


■■ Vamle and Soechl: Rev. Bper. A Fren., p. 83, UM, 
•Berkley: Brain, Winter. US4. 
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anal of the cord; finally the particles of carmine may be traced 
right up to the free end of the canal, where the spinal cord opens 
into the exterior by the blastopore; therefore it is made mani* 
iVst that tlie infundibular duct carries a stream of oxygen-bear¬ 
ing water for the nutrition of the tissues and the carrying off of 
ilioir effete products." Alluding to personal studies to which I 
will presently refer, Berkley then adds: “It is quite curious to 
find essentially the same structures preserved in as high a ver¬ 
tebrate as the dog, and descending to so low a zoological order as 
ninphioxus, though, ns Muller remarks, the pituitary is practi¬ 
cally the same from myxine to man" Yet in man the infim- 
(libular orifice is closed, and the posterior pituitary, during its 
evolution, must, therefore, have assumed some function other 
ilian that possessed by the organ during the earlier phases of its 
career and of which the earlier forms should also show traces. 

We have seen that oxygenation of the blood, the highest 
development of the function carried out by the water-vascu¬ 
lar system in the amphioxus, belongs to the domain of the 
anterior pituitary. The remaining inference afforded by the 
|)liylogenetic history of the organ, therefore, is, in my opinion, 
that the group of nerve cells around and behind the upper open¬ 
ing which in Amphioxus and Amoccetes forms the threshold of 
the oxygen-hearing water system is the prospective adrenal 
renter in the human pituitary, which center, we have seen, is 
also concerned with oxygenation. 

I must state that I consider this perfect concordance 
between the functions of the anterior and posterior pituitaries 
as I have conceived them and those found throughout the 
entire evolutional scale of zoological forme as far back as the 
amphioxus by Andriezen as very strong evidence that my views 
are soimd. 

HISTOLOGY OP THE POSTERIOR PITUITARY BODY. 

What is the physiological relationship between the two 
lobes? D6jerine^ states that vertical and horizontal sections 
“f both organs show that they are absolutely distinct and sepa- 


* DSlcrlne: “Anatomie dis Centra Nerveux,” vo}. 1. 189B. 
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rated by a fibrous laniiim; and, furthcrinoi-e, tlial “the poste¬ 
rior lobe alone is connected with tlic infundibulum/’ . . 
“It is developed from the brain” and “is a dependence of the 
middle ventricle.” The anterior lobe is only connected witli 
the cerebral structures througli vessels which, according to 
Berkley,® “direc-tly pass into it from the substance of the in¬ 
fundibulum.” The blood-supply of the posterior lobe is also 
derived from the same source, but it is less rich, though suffi¬ 
ciently BO to satisfy the needs of an active function. Indeed, 
the organs differ mainly in the character and wealth of their 
nerve-supply—^much to the advantage of the posterior lobe, 
however: The development of the anterior lobe from the 
ectoderm of the primary oral cavity, instead of, as in the case 
of the posterior lobe, from the embr 3 'onic brain, accounts for 
what anatomical dissimilarities prevail. 

The histological charaoteristics of the posterior lobe also 
suggest that it is the seat of some nervous function of a high 
order. This is well illustrated by the exhaustive study by 
II. J. Berkley* after an examination of some two thousand five 
hundred slides. A summar}' of such a work hardly does it 
justice; I must therefore refer the reader to the original 
paper for details other than those that I will presently submit. 

The outer layer of the organ was found by Luschka and 
Muller to be composed of gray matter similar to that found 
over the infundibulum. Berkley refers to this layer as com¬ 
posed of slightly irregular ependymal cells three or four deep, 
throng which rather thick ball-tipped filaments penetrate to 
the second anatomical subdivision of the lobe.- This outer 
coating of cells does not extend around the entire lobe, how- 
evm*, but covers only its free, or posterior, surface. Its ante¬ 
rior portion, that nearest the partition between the two lobes, 
has no such covering, so that its elements appear to be in in¬ 
tact with the partition itself or to be only separated from it 
by its capsule. The second subdivision of the posieridr organ 
occupies yddging from Berkley’s drawings, about one-^rd of 
its mass, and recalls, as to structure, that of the anterior lobe. 
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or alveoli, inducting the 
rolloi4^ gUmdular dements supported 
l>y coimei^^tismje jb»^c^ permeated with capillaries, 
1 hough the caliber of the|larger vessels is wnnewhat smaller. 
Yet—a feature whidi sefms to me important—the colloid 
alveoli are always most nUmeious near the outer edge of the 
ependymal cells, that portion farthest away from the inter¬ 
lobular partition, while the space between these structures and 


the partition is occupied by cellular elements of an entirely 
different kind. 


The tliird portion may be said to occupy nearly two-thirds 
of the entire lobe: a perfect maze of nervous elements, some 
of which have not so far been found elsewhere in the organism. 
Yet connective-tissue partitions carrying blood-vessels are dis¬ 
cernible throughout this entire area: a feature which suggests 
tliat an orderly subdivision exists.. Its nervous elements vary 
greatly in form, but they may be divided into three generd 
classes: 1. Cells that give off protoplasmic extensions, neu- 
raxons, etc., that are not sufficiently long to reach the upper, 
anterior region of the lobe: i.e., the infundibular region. 2. 
Cells the extensions of which reach this region. 3. Cells that 
are found mainly or only in this portion of the organ. 

The first class includes flask-like cells with knot-tipped 
libers that recall those of tlie anterior lobe (Fig. A, Plate I, 
and Fig. a, Plate II). These bodies are widely distributed, 
l)ut their multitude of ramifications end freely among neigh¬ 
boring structures. Similar, though smaller, cells (Fig. B, Plate 
I, and Fig. h, Plate 11) are found chiefly in the center, and 
liave processes that extend upward a considerable distance and 
lliere often terminate in a brush-like figure. In this class may 
l»c included peculiar oval bodies (Fig. C, Plate I, and Fig, c, 
I’late 11), mainly found in the center of the organ, that recall 
‘losed follicles. They give off axis-cylinders that coil about 
them irregularly, and fibers which terminate either in irreg¬ 
ular figures resembling combs with knob-tipped teeth or in 
cnt-o’-nine-tail-like tufts. Neuroglia cells, especially those of 
the mossy kind, are shown in Fig. d. Plate II, while spider- 
cells (Fig. E, Plate I, and Fig. r, Plato II) are mainly found 
where the nerve-cells are verv numerous: i.e., the anterior third 
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.portion to tiio len^ o2 thiur tentaelet^ ont^itmlwr the othc 
88 the upper infoadibnlar i^on of -tile lobe is reaches 


The cells included in the second eUus are all* as statec 
distinguished by one or more protoplasmic sMonsions, whic 
hwnuate themselves betiveen all the elements intervening bi 
tween their starting-pcant and tiie infundibular area referri' 
to, -tthere they br^ up into hgures. The lowermost < 
these, the gahglimi-cells shown in Fig. F, Plate I, and Fig. 
Plate II, exemplify this type very well, since their exteusioi 
toaverse the entire organ in an upward direction and end j 
the upper infundibular area. Higher up in the organ larj 
pyramidal and oval cells are found (Fig. 0, Plate I; Fig. 
I^te II, and g, Plate III), the terminal subdivisions of wbi( 
break up into exceedingly fine featliery filaments. The on 
. axis-cylinder of this cell, after distributing a few brandies 
neighboring elements, continues upward and subdividto, win 
near the upper margin of the infundibular region, into a cot 
plex net-work which entwines the alveoli found there. A thii 
fype, characterized by short dendrites and many hair-lil 
processes (Fig. H, Plate I, and Fig. h, Plate 111), is foui 
throughout the entire nervous area and also gives oS one loi 
dendrite, which extends a long distance upward and forwan 
this extension may possibly reach tlie infundibular region, 
its neighborhood. Coming from every direction, these lot 
dendrites seem, at any rate, to point all toward this one regio 
The other dendrites are short and distinguished by the pre 
ence of more or less numerous hairy processes, while some 
the terminal ramifications are ball-tipped—suggesting a pc 
siblc identity as collectors of energy, which, transformed in t 
l)ody of the cell, are directed upward by the long dendrites. 

In tlie infundibular region of tlie lobe— i.e., the eellul 
elements of the third class —^the final ramifications of the lo 
dendrites form an extremely complex aggregation of tuft 
figures, wavy threads, and feathery protoplasmic ramificatioi 
In the midst of this maze of nervous elements certain cells fl 
to be found, the like of which Berkley has not been able 
detect in any part of the central or peripheral nervous syste 
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riiey are small and round, and give off strong dendrites, which 
appear knotted or covered with thorns, giving them a "prickly 
appearance” (Fig. J, Plate I, and Fig. j, Plate III). Anotlier 
variety found in abundance in this region is a small cell with 
a rich, apical tuft of fine, wavy processes. They are also dis* 
tribut^ in the midst of a net-work of varicose nerve-fibers 
(Fig. K, Plate I, and Fig. le, Plate III) in tlie upper and near 
the anterior border of the lobe "along the space formerly occu¬ 
pied by the infundibular jduct” As already stated, the spider- 
cell is to be found in great abundance in this locality, which, 
added to the other two varieties of cell, gives us three main 
cellular elements as representative of the class of cells found 
mainly or only in the upper infundibular region of the organ. 

• ki already stated, I do not regard it as a secreting struc¬ 
ture. The view that it produces an internal secretion is merely 
assumed. Howell found that, while an c.xtract of the anterior 
lobe produ<sed no effect, an e.Ytract of the posterior lobe caused 
a rise of the blood-pressure. Since then, also, considerable use 
of such extracts has been made in therapeutics. But the facts 
that these effects correspond admittedly with tliose of adrenal 
extract, that they give the adrenal reaction, and that the presence 
in the organ of chromaffin cells has been established suggest 
that we are not dealing with a secretion. In fact, in practically 
all animals, excepting the cat and dog, there is no connection 
with the third ventricle above. 

On the other hand, there is, we have seen, good ground for 
the belief that, as I pointed out in 1903, the posterior lobe is 
a general nerve-center, and that, through its nervous connection 
with the adrenals, it governs, besides, general oxygenation. That 
this view is gaining ground is rfiown by the recent statement of 
Txiwin, of Berlin,« that "the majority hold that the hypophysis 
is a ductless gland that has an influence over the nervous system 
or has s Qmafhing tn do with the red blood-corpusclre.’^ 

And^ what is the connecting structure betweai the 
posterior b^y and the parts to which, under such 

conditions, i^/ieu^gy-wohid be supplied? Berkley believes 
erroneously, ttis tifs seen-—that none of the nervous elements 

, “Lewin: «(M^ liV Jwwl Asa. Med. Ahoo.. 
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of the infundibular lobe itself pass beyond its limits into the 
infundibulum. His histological work shows that, while “all 
the axis-cylinder processes and the long dendrites have a. gen¬ 
eral tendency upward and forward, both dendrites and neu- 
raxons branching as they proceed onward, all traces of the 
dendrites of the inferior and median cells of the lobe are lost 
some little distance below the superior edge.” After an allu¬ 
sion to tlie vessels and flbrillated tissues that connect the in¬ 
fundibulum with the posterior lobe, he says: “The whole ar¬ 
rangement of the structures of the infimdibulum” is “here 
altered.” Then, referring to both lob^, the hypophysis, 
he remarks: “Elsewhere it shows no break in the described ar¬ 
rangement, the line of differentiation between hypophysis and 
infundibulum being sharply drawn, a layer of coarse connective- 
tissue bundles being placed between and separating the gland¬ 
ular and other structures of the pituitary from the tissue of 
the infundibulum.” While the neural lobe is autonomous, 
llamon y Cajal, Andriezen, Gentds and others have conclusively 
shown, as previously stated, that nen'o-fibers passed from this 
lobe and the pars intermedia to the tuber cinereum and beyond. 

Notwithstanding this s'triking autonomy of the organ, 
there are several features in its histological make-up that 
suggest an additional connecting-link between it and the in¬ 
fundibular structures. Berkley refers to the “outer lamina 
of slightly irregular ependymal cells (Fig. M, Plate I) three 
or four deep, arranged after the manner of the culicular epi- 
theTium/* This lamina, which older anatomists considered 
as R continuation of the ventricular gray substance, only covers, 
we have seen, the free portion of the posterior lobe and is not 
Gontmuous with the infundibular ependyma. Again, “there 
are seen, extending from the thin capsule surrounding it” 
(here Berkley alludes to the capsule that surrounds the entire 
posterior lobe), ^hiumbers of rather thick varicose threads, all 
unbranched, and invariably ending, when their terminations 
can be discovered, in a ball-shaped figure, at a definite line in 
the Bidbetance of the body, usu^y at the inward ending of the 
first layer of epithelial c^ls, at the line of separation from 
the mo^ centrally situated elements. These knobby threads,” 
he says, “strongly resemble the ependymal gliarcells of eni- 
. biyonic life, and possibly may be related to them; but, as tlicir 



iruRinus TYPES nr cells the anterior and 

POSTERIOR pituitary BODIES. 
nga. h, 1. 3c, and a : CeIIs lii tha PuatBrlnr Pituitary Dudy. Fla-lt PurUon 
® ai Clanrtular riEmBala Dt tha /Vutarlur PltullaTy Budy. 


r /{roiM.l 





rmfrtABOt'i 



basal ttid ia blackened aggre^tion^of e^nligr’.;- 

inass^ tlMir hiatologuail bvigin must remaiii a matter of some 
unc^tunty.** 

Ilf with these histological data before ns, we examine ■ 
Plate 1, a suggestive &ct asserts itself: i.e., that the lamina 
of ependymal cells referred to forms a skull-cap-like covering 
for the posterior two-thirds of the posterior lobe. The glandular 
alveoli of the latter^ with their colloid substance, are, therefore, 
in the best possible position for the reception of any nervous 
impulse that the ependymal cells may be able to transmit out* 
wardly. This is emphasized in Plate I, which shows that this 
layer exactly covers the entire surface of the posterior region 
without reaching beyond its limits. The posterior surface of 
the posterior lobe thus seems to be held in the grasp, as it were, 
of its ependymal covering, which in turn contains the nervous, 
‘‘rather thick, varicose threads.” ■ This suggests that the capsule 
may not be the insignificant structure it is now thought to be. 
Even the fragmentary data we have concerning it tend to 
indicate tliat it plays an important rdle in the functions of the 
organ. 

Merc protective structures are usually detached without 
much difficulty from the underlying tissues.. Berkley states, 
i-eferring to the posterior body: “This lobe is so strongly ad¬ 
herent to the dura that it pulls out of the rest of the pituitary 
body in removing this with the brain, unless the membrane 
is dissected with it from the base of the skull.” Since the 
capsule is the part of tl|^lobe so strongly connected with the 
dura, it must as firmly adhere to the layer of ependymal cells 
beneath; otherwise efforts at removal would tear it away from 
the latter. This firm hold of the capsule on the cellular layer 
is fully accounted for by the tiiin, fibrous partitions the former 
sends through the latter, but this in itself suggests an intimate 
relationship between capsule and cellular layer, especially since 
the “blackened aggregation of cellular masses,” referred to 
by Berkley, which form the basal extremities of the nervous 
“threads,” all terminate in what appears to be, in his draw¬ 
ings, thickenings in the capsule proper. That such a relation¬ 
ship between the capsule and the nervous elements must exist 
is further shown by his reference, in the descriptive text of the 

32 



500 THB P08TBRI0R PITUITARY AND THB NBRVOU8 8T8TBM. 

illuatration, to tlie ^^capeule of the lobe thickened in placet), 
from which extend threads that end in knobs,” etc. That the 
varicose threads and the capsule are structurally continuous, 
the latter thus dipping, tlirough a multitude of protoplasmic 
projections, into tlie deeper elements of the lobe is evident. 

We have seen that many features suggest a relationship 
between the anterior pituitary and the adrenals, through nerves 
at present considered as appurtenances of the sympathetic sys¬ 
tem. That the anterior lobe contains but one kind of nerve 
connected with this function—^besides its vasoconstrictors—is 
shown by the following statement of Berkley’s: "In the gland¬ 
ular portion of the body, nerves, other than thorc belonging 
to the sympathetic system, are not found. They are very 
fine varicose fibers, with numerous ramifications and braiiclilets 
coming off from the main stems at a right or slightly obtuse 
angle.” These fibers must, therefore, represent, considering 
their general morphology and location, not terminals of the 
connecting nerves and distributors of energy, but collectors of 
energy, i.e., of sensory impulses. They are probably the fibers 
which Cajal traced to the floor of the third ventricle. If Fig. I 
in Plate III, which represents a section of the glandular por¬ 
tion of the anterior lobe, is consulted, it will be seen that these 
nerves present the two main characteristics of the capsular 
threads of the posterior lobe: i.c., they are also varicose and their 
tips are likewise knobbed. Since, therefore, the nerves so dis¬ 
posed in the anterior pituitary arc collectors of energy, the vari¬ 
cose and Jenabbed threads of the capsules of the posterior pitui¬ 
tary must also be collectors of energy. This is further sustained 
by the analogy between the two organs to which reference has 
already been made. 

That a direct nervous connection between the posterior 
pituitary and the infundibular tissues, etc., exists by way of 
the capsule of the former is thus probable—^thus making it pos¬ 
sible for impulses generated in the depths of the lobe to reach 
the ventricular structures, irrespective of the sharply deflned 
connective-tissue separation between the lobe proper and the 
infundibulum. Indeed, Such a separation seems a neceraity, 
inasmuch as an impulse, transmitted through the intermediary 
of the capsule must, owing to the skull-cap shape of the latter. 
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iiome from every part of the underlying atructurea and only 
reach the baaal atructurea through patha that are continuoua 
with the capaule’a tiaeuca, and irrespective of the nervea which 
arise directly from tlie two lobea and pass upward by way of 
the interior of the infundibulum. That a profuac padding 
of cellular tissue is Nature’s resource under such conditions 
is well illustrated by the following remark of Dcjcrinc’s: “The 
vessels of the central nervous system are surrounded by two 
sheatha of a different kind: the internal is connective in nature 
and belongs to the mesodermic layer; the external, neurogliar 
in nature, is developed at the expense of the external, or ecto¬ 
dermic, layer.” The capsule has been compared to the cerebral 
cortex, perhaps with justice, as we shall show. 

Berkley, referring to the various cellular structures in the 
deeper portion of the lobe supplied with long extensions, says: 
“The axis-cylinder extensions of all the cells in the inferior 
portion of the lobe turn upward. . . . Those belonging 
to the larger proportion of the smaller cells of the superior 
border turn upward and intermingle with the marginal fiber 
net-work. . . . All the axis-cylinder processes and • the 

long dendrites have a general tendency upward and forward, 
both dendrites and ncuraxons branching as they proceed on¬ 
ward : but all traces of the dendrites of the inferior and median 
cells of the lobe are lost some little distance below the superior 
edge, and then the neurons only are intermingled with the 
extensions of the smaller superficial cells, passing them, how¬ 
ever, before the border is finally reached, where they spread 
out into a most extensive fret-work of fine varicose fibers, still 
retaining something of their previous longitudinal arrange¬ 
ment from the threads of the uptending fibers being coarser 
than the lateral and intermingling branches. It is doubtful 
whether any of these fibers pass beyond the limit of the lobe 
into the infundibulum; our sections give no evidence of such 
an arrangement.” This upward tendency of all cells, and the 
evident concratratioh of their functional activity at the upper 
extremity, seem to us to further emphasize the identity of the 
posterior lobe as a powerful source of energy. Its junction 
with the end of the infundibulum becomes, under these cir¬ 
cumstances, the normal pathway for all the energy that the 
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organ can accumulate. Capsule and protoplasmic extensions 
or pFocesses all serre a similar purpose, but the neck of the 
organ is its own functional limit 

We must not lose sight of the fact, however, that other 
nervra penetrate the organ. This is shown by the fact that 
Berkley says, in this connection: ‘^the nerve-fibers accompanying 
the larger arteries are sometimes distinctly seen coming from the 
infundibular tract into the body of the posterior lobe of the 
gland and ramifying through it.’’ That there is no connection 
between these and the nervous structures previously described, 
however, is shown by the additional statement: ^'Connections 
between the fibers of the vascular supply and the nerve-cells 
of the organ we have never been able to observe. That these 
are the nerves through which the organ receives its own func¬ 
tional energy— i.e., the impulses to its vessels and alveoli,— 
as in the case of other organs, is probable.” 

The prevailing view that the embryonal supporting sub¬ 
stance of the brain and spinal cord, the ependymal neuroglia, 
almost entirely atrophies and disappears in the adult mammal 
would tend to counteract my belief that the capsule and its 
underlying structures are important factors of the posterior 
lobe’s functions. Berkley, alluding to the writings of various 
observers in this connection, and referring to the infundibulum 
and other tissues of the third ventricle which he had just 
described, says: "After reading these statements, it was some¬ 
thing of a surprise to find the above-described beautiful speci¬ 
mens of several types of ependymal neuroglia extending from 
all portions of the middle and inferior regions of the cavity of 
the third ventricle and reaching to jhe periphery, all portions, 
bodies, branches, tentacles, and subpial endings being readily 
distingnithable. The region examined is, therefore, very in¬ 
teresting not only from the great variety of neuroglia-cells 
that may be seen within a very limited area, but from the 
fact that varietitt of the ependymal neuroglia-cell^ previously 
suppled to have entirely disappeared from the central nervous 
system in the adult mamma], are found preset in perfect con- ' 
dition in the brain of a very high order of animal, and are not 
confined, as has previously been supposed, to those of adtdt 
reptQes, amphibia, and fishes" 
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If all tlie data I have aubmittcd arc'coneidercd collect¬ 
ively, it seemB to me that the following conclusion is warranted: 
Removal of the hemispheres in an animal does not arrest its 
power to execute normal bodily movements under external 
stimulation, because these movements are dependent upon func¬ 
tional structures situated in the base of the brain and in the 
spinal cord and which the posterior pituitary probably governs. 

Of course, this appears to contradict at once a great mass 
of esperimenial and clinical testimony, but the contradiction 
is only apparent. Bemoyal of the motor areas in the rabbit 
gives rise to no detectable diiferences in the movements; the 
injured animal is similar to an intact one. In the dog, tlie 
same procedure, according to F<»ter, causes *‘1obs or diminu¬ 
tion of voluntary movement in the corresponding part of the 
body”; but this is only temporary, and the animal may re¬ 
cover to such a degree that the temporarily paralyzed limb 
cannot be told from the normal one. Careful examination of 
tile brain after death shows that no regeneration of the lost part 
had occurred. Even removal of the whole motor area causes 
no appreciable difEerence between the movements of the two 
sides of the body to a casual observer. In the monkey the 
results have been unequal: '^hile in some instances recovery 
of the movement has, in the monkey, as in the dog, after awhile 
taken place, in other instances the ‘paralysis’ has appeared to 
be permanent.” . . . “I'he facts, however, within our 
knowledge relating to the permanence of the effect are neither 
numerous nor exact enough to justify at ptesent a definite 
conclusion,” as stated by Foster. "On the other hand, ihe 
positive cases, where recovery has taken place, are of more 
value than the negative ones, since in the latter the recovery 
may have been hindered by concomitant events of a nature 
which we may call accidental.” I might add that a single 
case of recovery in the monkey, when the motor area has been 
completely removed, demonstrates that, generally speaking, 
the structures are functionally similar in all higher animals, 
including man, judging from such instances as the crow-bar 
case, or one reported by Brown-Sfiquard,^^ in which ha entire 
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lobe was destroyeif and in which the only symptoms woe 
amaurosis and slight headache. This emphasizes the identity 
of the cerebral hemispheres as an aggregate of centers whidh 
record impressions and are the seat of reason, intelligence, and 
volition, but it also suggests that the word "motor’' is only 
applicable in its literal sense to the areas in the lower cerebral 
mechanism: the intermediary through which the mandate 

from the hemispheres are executed. 

1 have previously referred to the misleading information 
afforded by the use of electrical stimulation. Nowhere in the 
organism does this seem to be more applicable than to the 
brain. This feature and the complexity of the processes in¬ 
volved are fully emphasized in the following lines of the late Dr. 
Foster: "Some writers appear to entertain the conception that 
in a voluntary movement, such as that of the forelimb, all 
that takes place is that the Vill’ stimulates certain cells in 
the cortical area, causing the discharge of motor impulses along 
the pyramidal fibers connected with those cdls, mid that these 
motor impulses travel straight down the pyramidal tract to 
the motor fibers of the appropriate nerves, undergoing pos¬ 
sibly some change at the place in the cord where the pyramidal 
fiber makes junction wilh the fiber of the anterior root, but 
deriving their chief, if not their whole, co-ordination from the 
cortex itself: that is to say, being co-ordinated at their 
starting-point. That such a view is untenable and that the 
- simplicity of the electrical phenomena is misleading are shown 
by the following two considerations, among others: On the 
one hand, as was shown in a previous section, the co-ordination 
of movements may be carried out apart from the cortex, 
namely: in the absence of the hemispheres; and we can hardly 
suppose that there should be two quite distinct systems of co¬ 
ordination to carry out the same movement: one employ^ 
when volition was the moving cause, and the other when some- 
thing else led to the movement. On the other hand, the 
analogy of speech justifies us in concluding that the cortical 
processes do take advantage of co-ordination effected the 
acti(m of other parts of the nervous system." 

Beferring directly to the general character of the processes 
involved. Professor Foster says: "Hence, while admitting, as 
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we muft do, that in the intact animal the cortical area and 
pyramidal tract play their part in carrying out voluntary 
inoTements, their action ia not of that simple character sup¬ 
posed by the view referred to above. On the contrary, we are 
driven to re^rd them rather as links—^important liTilra^ it is 
true, but still links—^in a complex chain. As we have already 
urged, we may probably speak of the changes taking place in 
the pyramidal fibers as being, on the whole, of the nature of 
efferent impulses; but we would go beyond the evidence if we 
concluded that they were identical with the ordinary efferent 
impuleee of motor nerves"^^ All the features emphasized in 
these quotations, especially in the last lines, appear to me to 
isolate the hemispheres from the source of motor impulses per 
se, and to confirm what experimental evidence obtained after 
removal of the hemispheres had suggested: i.e,, that the lower 
cerebro-spinal structures constitute the executive intermediary 
tiirough which the cortical mandates are actively realized. 
Yet, as is well known, these lower structures, in turn, manifest 
their activity through the centers imbedded in them; what is 
there to replace the energy in the form of motor impulses 
which is erroneously supposed to be awakened by the **wiir* in 
“certain cells of the cortical area”? 

Professor Foster partially answers this question when he 
says: ^^The discussion in a previous section has shown that 
much of the co-ordination of the body is carried out by the 
middle portions of the brain, and on these the motor area 
must have its hold as on the spinal mechanisms. The details 
of the nature of that hold are at present unknown to us.” It 
would appear from the facts reviewed that what might be 
termed the central brain and the spmal cord constitute an 
entity—a mechanical entity, perhaps—made up of working 
centers, beginning with the olfactory bulb and the other nerv¬ 
ous. structures distributed to the nasal mucous membrane 
anteriorly, and terminating with the end of the spinal cord: 
t.6., the neural tract of lower forms. Motility, unconscious co¬ 
ordination, and sensation—^but only, in the case of the latter, 
to the extent of transmitting sensory impressions to their re- 
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Bpoctive perception-centerB—would enter within the scope of 
this centzid brain. 

As to the Bonrce of the tranemitted energy or impulseB,— 
apart from the Bensory connections with underlying structures 
which the. cortex poBseases,—^the predilection of most writers 
to ascribe to the cortical areas motor functions but demon* 
strates the need of such an agencgr to logically atxount for the 
phenomena witnessed. To ascribe to the central brain or its 
centers per se attributes of a similar kind would simply amount 
to shifting to it a oonrenien^ but unknown, quantity, and a 
ilctitiotis one besides, in the sense that it supplira nothing to 
account for something. In the only nervous system that I 
have BO far traced to its origin, that of the suprarenal ^ands, 
the cimverdion of chemical energy into nervous impulses was 
found to be a functional attribute of the anterior pituitary 
body. That so extensive a system as that represented by the 
central brain and cord should likewise need a center such as 
that represented by the posterior pituitary body for the con¬ 
version of some form of energy of external source to satisfy 
the needs not only of its ^erenl, but also its afferent, im¬ 
pulses seems clear. 

That* the middle brain is the source of the moto phe¬ 
nomena vritnessed is not only suggested by the fact that nor¬ 
mal muscular contractility promptly recurs after removal of 
the hemispheres, but also by the following experiment by 
Professor M. Duval: **U a part of the gray substance of the 
cortex designated as the center of certain movemmits is cau¬ 
terized, the same movements are obtained when the electrodes 
are applied upon the eschar thus produced. . . . Thu 
experiment ^ows,” says the author, *^hat the gray cortical 
substance is not a necessary experimental condition for tiie 
production of localized movements.” Indeed, he states that 
the underlying white substance of certain parts will also cause 
drcumscribed motions in certain groups of musdes, etc. 

Can the removal of the cortex of one dde be followed by 
the assumption of compensative functions by the oppodte side? 
After the usual period of paralysis, due to shock, the normal 
motions promptly recurred, predsely as they had on the other 
side. To ascertain whether the cortex at all possessed motor 
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attributes Vnlpisn passed au electrode through it, that part 
iu contact'With the cortex being insulated. The underlying 
white substance was thus alone stimulated. He found that 
the latter was far more easily excited than the cortex. It 
seems clear that in these experiments the increased excUahUity 
was due to the closer proximity of the central brain. ^^All the 
functions of the brain can persist,” says Brown-S6quard, "after 
the complete destruction of an entire lobe.”^' Experimental 
and clinical evidence, however, only eliminate motility and co¬ 
ordination from the hemispheres. The cortex, as regards cere¬ 
bral localization, merely loses the "motor” attribute suggested 
by the term "motor area,” and is shown, by its functional 
relations with the underlying structures, to be a vast sensitive 
surface, to the "areas” of which the term "sensory** might be 
more fittingly applied. 

The practical bearing of this may be illustrated by an 
experiment that will recall some of the familiar features of 
the earlier portions of this work and at the same time point 
to the central brain as the source of motor phenomena. This 
experiment, referred to by Professor Foster, is as follows: "It 
has been observed that in certain stages of the influence of 
morphine the cortex and the rest of the nervous system are 
in such a condition Uiat the application of even a momentary 
stimulus to an area leads not to a simple movement, but to a 
long-continued tonic contraction of the appropriate muscles.” 
As previously shown, many drugs raise the blood-pressure and 
thus congest the adrenals and indirectly the brain. Cerebral 
hypersemia, we have seen, is the source of the majority of 
phenomena that follow the ingestion of drugs that are suffi¬ 
ciently active to stimulate the adrenals. The intense headache 
of quinine and other agents is obviously due to this congestion 
of the cerebral vessels; muscular contractions, tetany, etc., arc 
also familiar rraults of suprarenal overactivity; indeed, digitalis, 
(me of the moat active suprarenal stimulants, is particularly 
active in predisposing muscles to contraction and in experimental 
animids suitably dosed a minimal current without the drug will 
produce maximum effects—^prolonged tetany—^with it. 
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Id the course of the statements to which I have referred, 
Foster, after ascribing the temporary paralysis observed after 
operative interference to a condition **of the nature of shock,” 
remarks: “But, even giving full weight to this consideration, 
- there remains the fact that the cortical area is associated with 
various co-ordinating and other nervous mechanisms belonging 
to the limbs by such close ties that these are thrown into dis¬ 
order when it is injured. And, side by side with this, we may 
put the remarkable fact, previously stated, that during an 
abnormal conditicm of the cortical area—simulation of the 
area—instead of producing the appropriate movements confined 
to the limb may give rise to movements of other parts cul¬ 
minating in epileptiform convulsions.**'* 

If the word “associated” is given its full meaning, limbs 
and co-ordinating mechanism constituting one class, and the 
cortical surface the other, the hemispherical mantle of gray 
matter hmng considered solely as a great sensory surface, the de¬ 
mands of experimental evidence seem to me to be satisfied. 
What are epileptic convulsions after all but manifestations of 
exc^ive motor activity? . . . Can the latter be credited 
to the cerebral cortex, as is now taught in text-books? Ob¬ 
viously not, since experimental evidence proves that the cortex 
has no motor properties per se. But irritation of this sensory 
surface or an accumulation of physiological toxics, which peri¬ 
odically becomes sufficiently great to so stimulate the vasomotor 
center as to cause violrat hypcncmia, not only of the sen¬ 
sory cortex, but also of its executive mechanism, the middle 
brain, are the clearly defined causes tp which physiological and 
chemical evidence points. Could the cortex without the middle 
brain give rise to the same phenomena? That such is not the 
case is diown by the preservation of all motor functions, in¬ 
cluding co-ordination, after removal of the hemispheres. In¬ 
deed, it is only when the middle brain is removed that the 
experimental animal thus deprived of its sentient cortex and 
of its dynamic center practically loses its identity as a living 
thing. Hence it seems clear that the motor phenomena caused 
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hy stimulation of the motor areas of the cortex are manifesta- 
lions of activity of the central graij matter at the hose of the 
hrain, incited therein hy sensory impulses from these cortical 
areas. 

What constitutes this lower brain? The co-ordination, 
i!o evidently preserved in animals deprived of their heini- 
spheree, points to the cerebellum as a possible member of the 
group of organs to be considered in this connection. Includ¬ 
ing this organ, therefore, and beginning with the anterior 
structures, we would now have: the posterior pituitary body; 
the infundibulum; the central gray matter, forming “a bed 
for the development of the nuclei of the cranial nerves”; the 
tegmental system,— i.e., the reticular formation in the medulla 
continued to the subthalamic region, and to which belong the 
red nucleus and other bulbar nuclei. All this fonns what 
Foster so aptly characterizes as. “a. more or less continuous 
column of gray matter” connected with the spinal cord by 
various ties, besides being, as it were, "a continuation of the 
spinal gray matter.” It is as evident that the optic thalami and 
corpora quadrigemina are also members of the group, since 
these related organs appear to be necessary for the success of 
the experiment in which both cerebral hemispheres are re¬ 
moved. Thus, referring to the frog, Foster says: “In this 
animal it is comparatively easy to remove the cerebral hemi¬ 
spheres, including the parts corresponding to the corpora 
striata, leaving behind, intact and uninjured, the optic thalami 
with the optic lobes, the representatives of the corpora gvad- 
rigemina, the small cerebellum, and the .bulb. If the animal 
be carefully fed and attended to, it may be kept alive for a 
very long time: for more than a year, for instance.” 

If, with this list before us, we now examine the annexed 
illustration, originally from His’s work, and, therefore, not 
recently drawn, a rather suggestive coincidence appears, indi¬ 
cating, perhaps, a total independence, in the embryo, of the 
region containing all the structures enumerated from the 
vesicle which eobsequently develops into the hemisphere of 
the same side. In mammals the latter is at first insignificant, 
but it develops very rapidly, soon overlaiiping the middle 
structures. The outline of the latter is colored bluish gray. 
The name of each part is given on the cut: a feature that will 
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better convey the mutual relations of the various structures 
included in this system than a verbal description. 

Again, the location of the posterior pituitary at the very 
head of the entire spinal system, as shown in the illustration, 
adds further testimony to that already submitted to demon¬ 
strate the functional relationship between the nervous struct¬ 
ures lying in the posterior pituitar}', including the floor of tlie 
fourth ventricle, and the bulb. 

A summary of all these facts^ i.e., (1) that the posterior 
pituitary body has a phylogenetic history which distinctly 
identifies it as a part of tlie entire neural tract; (2) that it 
presents clearly defined histological characteristics of an active 
neural organ; (3) that these characteristics extend to the in¬ 
fundibulum, the tuber cinercum, tlie floor and sides of the 
third ventricle; (4) that these stnictures are continuous with 
the reticular substance of the tegmental region, tlie medulla, 
and the cord; (5) that tlie posterior pituitary body has been 
found to be in direct relation with the olfatory center and 
the bulbo-spinal axis in all classes of vertebrates; (6) that a 
current passed between the olfactory and medullar centers may 
cause heart-inhibition and death; (7) that various nerve-centers 
are included in the structures with which the pituitary is func¬ 
tionally connected in all vertebrates; (8) that sudden deatli 
is caused by a puncture in the region of the vagal bulbar center 
through interruption of the efferent and afferent impulses 
through which tlie cardio-pulmonary system is incited to ac¬ 
tivity and governed; (9) that electrical excitation of the exposed 
pituitaiy body causes an instantaneous rise of the blood-pressure 
of over 100 mm. Hg.; (10) that removal of the pituitary causes 
the opposite, i.e., an immediate and great fall of tlie blood-pres¬ 
sure; (11) that division of the base of the hrain across the path 
of nerves known to originate in the pituitary body prevents the 
action of drugs, such as antipyrin, which lower the temperature, 
and also the action of pus and other septic materials which cause 
fever; and finally (12) that all functions carried on normally 
after removal of the brain are caused to cease by removal of 
the pituitary, seems to me to warrant the conclusion that:— 

The posterior pituitary body is the chief center of the spi- 
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luH aysiem, and, as such the primary source of certain excito- 
motor impulsea now believed to arise in the bulb. ■ 

Of course this ccaiception confficta with the prevaUing view 
tliat the pituitary body is the source of an internal secretion; but 
there is ground for the belief that some leading investigators are 
not convinced of the existence of the latter. Swale Vincent, we 
have seen, , finds it ''extremely difficult to imagine how such a 
structure ” referring to the posterior lobe, "can be regarded as a 
secreting gland.” In an analytical paper, E. A. Schafer,^*' though 
a partisan of the secretion theory, concedes that "some functions 
of tlie organ might be conceived to be carried out through the 
agency of nerves.” Nothing so far published has, in ray opinion, 
raised the secretion theory beyond the level of a plausible as¬ 
sumption. (See also page 173 in the present volume.) 

If, however, the posterior pituitary holds tlie important rela¬ 
tion to the nervous system I believe it docs, its infiuence in the 
pathogenesis of general neuroses must be very great. No disease 
having so far been associated with the posterior lobe, it may prove 
profitable to seek among the simptoms of typical disease of the, 
anterior lobe what signs might be assigned to implication of the 
posterior, with which it is intimately blended. 

Acromegaly, which may be attended by irregularity of the 
refiexes, partesthesias, localized pains, vasomotor neuroses, para¬ 
plegia, etc., and known to be due solely to lesions of the pituitary, 
suggests itself as a profitable field of study in this connection. 

It is interesting to note, in-this connection, that quite a 
number of exceptionally able clinicians—^von Hecklinghausen, 
for instance—^bave considered acromegaly as a trophic neuro¬ 
sis, the organic disease of the pituitary being deemed secondary. 
That the various theories adduced also bear upon nutrition 
of the nervous elements is significant as testimony in favor 
of my view. Indeed, the clinical signs that point to impaired 
nervous action are numerous, and are present in practically 
all cases of acromegaly whfm the anterior lobe has become 
sufficiently enlarged or functionally disordered to involve the 
posterior lobe, either direcfly by pressure, continuity of tissue, 
etc., or indirectly by overstimulating the adrenals, or, in the 
later stages, by causing insufficiency of these organs. 
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In a previous cliapier I have, on good gronnd^ I believe, 
ascribed to overactivity of the adrenals the stage of '^erejliisni,” 
and to insufficiency of these glands that of "cachexia.” But, 
if we ask how th^ states are produced by the adrenals, the 
answer which would not have been available before now seems 
to be within our reach. 

I have previously referred to the vicious circle that ob¬ 
tains in acromegaly. Though primarily located in the anterior 
pituitary, the lesion probably gives rise to no untoward symp¬ 
tom until well advanced: i.e., until pressure occurs either upon 
its own structure by the pathological elements or upon the 
posterior pituitary. Even slight pressure upon the whole organ, 
as shown by de Cyon,** gives rise to marked general symptoms. 
But if the posterior pituitary is also considered as a factor in 
the production of the symptomatic phenomena, as A source of 
nervous energy, we not only have the vascular erethism of 
suprarenal overactivity, but distinct evidence of nervous ere¬ 
thism besides. This is well illustrated by the following quoted 
lines, i.e., Gauthier’s definition of the crethic stage of acro¬ 
megaly as given by Hinsdale^^: ^‘The phenomena of erethism 
which characterizes the first stage embraces, first, a painful 
hypercBSthesia, which manifests itself in headaches and rheu¬ 
matic pains; second, an hypertrophy of the muscular fibers 
which may give to patients a muscular power greater- than 
usualthird, palpitation of tlie heart accompanying the hyper¬ 
trophy of that organ; and, finally, the polyphagia and polyuria 
which may be considered to be connected with an erethic state 
of the respective organs.” Everything here points to over¬ 
activity. But these are only the milder manifestations. Tam- 
burini, for instance, describes a case in which “the mental 
symptoms, on account of which the patient was sent to the 
asylum, began to show themselves only a year before her ad¬ 
mission. They consisted chiefly in ddusions of suspicion ac¬ 
companied by threats and acts of violence. The patient pre¬ 
sented, in a marked degree, the bodily change characteristic 
of acromegaly. While in tlie asylum she was confused, resistive. 


'*DeOron: ArcUvei Ce FbjrrioIoKle, Jidy, ISta 
IT hot, cii., p. 80. 
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iuid suicidal, and refused her food. . . . Only tlie anterior 
lobe was involved, the posterior presenting no change either 
in volume or structure.” This typifira the irritability or stimu¬ 
lation induced by pressure without organic change. 

The phenomena produced are of another kind when both 
organs are involved in the morbid process, as appears to be 
the case in the following instance reported by Jolmston and 
Monro”; The patient, a woman, “was .taciturn and intellect¬ 
ually dbtuse, and her memory was bad. Her utterance was 
thidc and indistinct^ as if her tongue were too big for her 
mouth. Her gait was slow and shuffling; her expression partly 
melancholic, partly demented. , . . The skin of the face 
is of a dull-yellowish tint; the mucous surfaces are pale. 

. . . Hearing is somewhat impaired. Reflexes are dimin¬ 
ished. The subject of these notes remained in hospital for 
about four weeks. She scarcely ever spoke, took no interest 
in anything, and slept about sixteen hours daily. . . . She 
was readmitted in September—blind, more deaf, more drowsy, 
very feeble in muscular power. She could no longer rise with¬ 
out assistance. Control over the sphincters was lost. . . . 
Paralyzed. For a couple of months before death there was a 
discharge of clear fluid from the nose. . . . The pituitary 
body is represented by a large, red mass, almost diffluent— 
much softer than brain-substance.” The raitire organ being 
destroyed, the posterior lobe had obviously followed the fate 
of its mate. 

In a case described by Piri^* the history of the nervous 
symptmnB is very clearly defined, though the author was un¬ 
fortunately unable to obtain an autopsy. “The disease first 
manifested itself in 1886, whoi menstruation finally ceased. 
Pains and parsesthesia of the arms and legs were felt, and 
the patient noticed that her hands and feet were getting larger 
and more awkward. ... Along with the development of 
physical symptoms a peculiar alteration of mental condition 
took place. Attacks of narcolepsy overcame her, she became 
slii ggiaTi and irritable, and she suffered much from the ennui 
of life. . . . Breathlessness on the slightest exertion ap- 


’■J^niton and Monro: Olaasow Medical Journal, Aucust, ISM. 
*Ptrlo: Liondan liunaet, Oct. 6, IMl. 
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pcared, and ultimately the muscle weariness so gained upon 
her that die had to take entirely to bed. ... Sensory 
disturbances are marked. Shooting pains in combination with 
parmsthesia, tingling, and numbness are complained of in the 
arms and legs. Neuralgic pains are felt also in Tarious parts 
of the body, viz.: the face, chest, back and loins. A remark¬ 
able perversion of thermic sensibility is found in the lower 
limbs and over the front of the abdomen and chest up to about 
the level of the fourth rib, the p::^ent having no sensation of 
heat in these regions. . . . Sternberg remarks partim- 
larly on the occurrence of pain and parmsthesia as valuable 
signs for diagnosis in the early stages of the disease; they are 
probably due, he considers, to changes in the cutaneous nerves.” 

In a previous chapter I remarked: ^‘Whether the mental 
symptoms are ascribable to the cerebral hyperaemia or to the 
impairment of certain functions of the pituitary itself, or to 
both, it is as yet impossible to say.” It now seems evident 
that both organs are involved in the pathogenic process. If the 
far-reaching meaning of this fact is apprehended, it seems 
clear that there lies hidden under the whole fabric—of whidi 
we only now see the outline—a truth of overwhelming impor¬ 
tance to us physicians: i.e., the fact that it is not alone in 
acromegaly that the typical signs of impaired function of the 
posterior pituitary appear, hut in other syndromes directly 
ascribahle to the adrenal system: i.e., myxeedema, cretinism, 
exophthalmic goiter, and Addison’s disease, which include in 
their aggregate the majority of organic changes of a morbid hind 
to which the system is liable, besides nervous phenomena. 

This may be briefly, illustrated by further quotations from 
Dr. Pine’s excellent paper, entirely devoted to the one case. 
As regards the muscular system, the author states that 'Mus¬ 
cular atrophy is a prominent feature, affecting the thenar, 
hypothenar, and interossei muscles of the hands, the forearm- 
and arm-muscles, the calf- and thigh-musclefr; and also the 
glutei,” and refers to Duchesnau,’® "who has made a special 
study of the atrophy of muscles in acromegaly. So marked is 
it in some cases that it has been mistaken for syringomyelia. 


MDncbaniMi: Tb^deLjoniiSSl. 
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}.rogreBBiv® rntwcular atrophy, or amyotrophic lateral aclerosis; 
it baa also been mistakmi for Charcofa cervical padiymenin- 
{.'itis hypertrophica and for erythromelalgia.’’ Referring to the 
Mn, Firie says: ^'Its chromatogenoua functions are disturbed, 
much,as In rheumatoid arthritis. Small freckles are frequent; 
patches of a yellowish bronzing occur also on the face, the 
chest, and t^he insides of the, thighs. (Motais d(»cribcB a bronz¬ 
ing such as occurs in Addison’s disease.) Numerous small 
w'arta are present. (Mollusca fibrosa are d^ribed in many 
cases and xanthmnarlike tumors by Dallemagne.) The patient 
suffers from a brownish seborrhoea, especially troublesome in 
the scalp'. The hair is thick and coarse and stands straight 
upward. There is a scanty beard and moustache. Profuse 
perspirations are constantly complained of. The heart is di¬ 
lated. There is tachycardia, the heart beating about 98 to 
the minute. A soft, systolic, basic murmur is heard at times. 
Palpitations and fainting fits occur very often. Dyspnoea is 
marked, and asthmatic-like attacks occur, during which the 
pktlent has- to sit up in bed and fight for her breath.” . . . 
“The soft parts are remarkably changed as well as the bones. 
The scalp is much thickened, as is also the skin of the face. 
... In addition to the kyphosis there is a compensatory 
lumbar lordosis and also a certain degree of scoliosis. The 
clavicles are enormously hypertrophied. The ribs are thick¬ 
ened and expanded, the costal cartilages feel bony, and there 
are nodular projections resembling the ‘rachitic chaplet’ at 
the junctions of the ribs and their cartilages.” . . . “With 
regard to the organs of special senses, the skin of the eyelids 
is thickened and puffy. The lacrymal glands are hypertro¬ 
phied. Increased lacrymation occurs at times, and I have 
noticed a colloid-like secretion between the eyelids.” . . . 
“There is amblyopia, nearly complete in the left eye, and color- 
vision for blues and yellows is defective. Bitemporal hemi¬ 
anopsia is present. The pupils contract in accommodation and 
reart to light, though very sluggishly in the case of the left 
eye. With the ophthalmoscope optic atrophy is found.” 
• . . “She suffered much at this time from polydipsia and 
glycosuria, and for over twdve months there was an almost 
constant dribbling of saliva from the mouth. . . . The 
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thyroid was greatly enlarged, but under treatment with thy. 
Toid substance it diminished much in size” We have seen 
bow dependent the organism is upon the integrity of the 
suprarenal system when infectious dieses develop. 

I can fully agree with Harlow Brooks*^ when he says: 
*lt is quite natural to ezpect pronounced abnormalities in the 
various portions of the nervous system in a disease which ex¬ 
hibits so many neurological symptoms”; and his statement that 
'‘examinations of the nerve-tissues have shown quite extensive 
and general changes” further sustains my deductions. Evi¬ 
dence of this kind, garnered from all sides long before the 
feature it serves to support is thought of, appears to me of 
the strongest kind. I again prefer to use the author’s own 
words, therefore, rather than my own, when he reviews the 
pathology of the disease, and which seems to me to portray 
in parvo the main landmarks of neurological pathology. I 
have only omitted those of the author’s own estimates that 
do not bear directly upon my subject and what text was not 
purely descriptive:— 

“Peripheral Nerves .—^The trunks of the peripheral nerves 
are, for tiie most part, enlarged; this is directly due to an 
increase in the connective tissue of the endqneurium and peri¬ 
neurium. Often the sheaths of the nerve-trunks also show 
considerable thickening. This general coimective-tissue hyper¬ 
plasia frequently so encroaches on the nerve-fibers as to destroy 
them, and degenerated nerve-fibers are quite commonly found 
^e of which 'may show complete axis-cylinder destnicticm 
(Arnold, Comini). These conditions may persist throughout 
the entire nerve-trunk^ extending even into the nerve-roots. 
(Arnold, Duchesneau.) 

"Ganglia .—^In the posterior-root ganglia, also, we find the 
connective-tissue elements greatly increased, so tiiat even 
macroscopically the ganglia are often considerably enlai^. 
Microscopically the ganglionic cells are sometimes pressed upon 
and atrophied (Marie, Marinesco). Arnold reports that he 
found vacuoles in the nerve-cdls. In Gases I and II of the 
autiior’s, the alterations in the ganglion-ceUs were slight. 

> Harlow Brooks: AtoUtm of Nourolosv sad PivohopttlioloS 7 i wL i, Ho- ^ 
IBN, p. BM. 



TBB POBTBBIOR FITGITABT IN DISBASS. 517 

is difScnlt to determine whether the nerve-cell lesions 
are secondary, perhaps directly dependent on the connective- 
tissue hyperplasia about the cells and fibers, or are primarily 
due to defective nutrition of the ganglion-cell bodies. Per¬ 
haps these ganglionic changes are wholly, or in greater part^ 
responsible for the degenerations and atrophies which take 
place in the muscles of the voluntary system. 

"Sympathetic Ganglia .—^The changes in the sympathetic 
ganglia and trunks have been made the subject of special study 
by several very prominent investigators, among whom are 
Marie, Marinesco, and Arnold, and have been looked upon by 
many as factors of an etiological nature. Finding, as we do, 
such pronounced change in the blood-vessels, it does not seem 
at all strange that lesions in the sympathetic ganglia should 
be present; but a view intimating a dependence or relation 
of the vascular changes to the lesions in the sympathetic sys¬ 
tem is not in accordance with our own ideas expressed at the 
close of Ihis paragraph. In general, the changes in the sym¬ 
pathetic ganglia are very similar to those already described in 
the ganglia and trunks of the cerebro-spinal system. In some 
cases the size of the ganglia is considerably increased (Arnold, 
Marie, Marinesco), and, microscopically, the connective-tissue 
web is thickened and proliferating. The ganglion-cells are 
often reported as exhibiting evidences of degeneration.” 
. . . "Arnold has found vacuolization; not infrequently 
considerable deposits of pigment are seen within the cytoplasm. 
But, as in Case II, the ganglion-cells may be normal; the Nissl 
bodies are present in normal arrangement, volume, and shape, 
and show no deviations in their staining reactions; and the 
pigmentary deposit is not abnormally abundant. The sym¬ 
pathetic ganglia in the case reported by Gauthier were also 
normal. It is advisable, at this point, to call attention to the 
fact that the interstitial hyperplasia is by no means a lesion 
characteristic of the sympathetic system, but is simply an ex¬ 
tension of the general process so often alluded to. The growth 
of connective tissue in the sympathetic may depend in part 
on lesions in the walls of the vessels; or both may be referable 
to the common factor of deranged nutrition. 

"Cord and liedvlla .—The pathological findings in l^th 
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the cord and medulla differ greatly., Yirdiow, and alao Fritscho 
and Elebe, have reported hypertrophy of the medulla, 'fhe 
spinal cord was enlarged in the case reported by Linsmayer. 
Many observers have reported various degenerations in the 
cord. Baruch’s case was associated with symptoms of syringo¬ 
myelia; Debierre gives a case with diseased posterior columns, 
while Arnold, Dallemagne, and Tamburini have found at au¬ 
topsy irregular degenerated areas in the cord, affecting, how¬ 
ever, no special place with any degree of constancy.” 

That the trophic changes in the nerve-tissues explain 
several of the neurological and myological symptoms in acro¬ 
megaly is obvious, but these occur in advanced cases, i.e., when 
such morbid changes have had time to occur. The signs which 
point to the posterior lobe as the seat of an important center— 
in keeping with physiological data enumerated on page 510— 
occur during the early or erethic stage, viz., the painful hyper- 
sesthesias in the extremities, the tingling, numbness, the vaso¬ 
motor neurosra and the palpitation. Their presence is explained 
by the marked rise of blood-pressure produced by irritation of 
the pituitary body proper, observed by Cyon, and confirmed by 
Masay, and by the long-recognized identity of the posterior 
pituitary as the heund lobe, its histology and nervous connections. 

Fending additional evidence in this direction the nature of 
the process through whidi the pituitary influences the nervous 
system requires study. 

THE mSTOLOGY AND PHYSIOLOGICAL CHEMISTEY 
OF THE NEURON. 

We are first brought to inquire into the relationship be¬ 
tween the modem conception of the structural composition of 
the cerebroepimd axis and the views I have submitted. 
Granted, therefore, that the posterior pituitary body , is the 
seat of a process through which chemical energy is converted 
into nervous energy, and that this constitutes the nervous im¬ 
pulses which the cerebro-spinal axis transmits to the various 
organs, how do the nerve^ements utilize this energy when 
functionally active? 

I refer, of course, to Waldeyer*s neuron as the morpho¬ 
logical unit of the cerebro-spinal axis, and the processes of 
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\t-hich axe not in contact, but sufficiently close, one to the 
other, as to make it possible, when required, for a nerve-impulse 
to cross the interval between them. These facts have been 
satisfactorily established by modem metiiods, especially through 
the labors of Qolgi and ]^m6n y Gajal. But the manner in 
which .the gap between the processes is closed— i.e., how the 
impulse passes from the tomipal brush of the axon of one 
nervous element to the dendrites-of the next—^is still to be 
determined. It has been suggested, however, that the processes 
behave, in a limited manner, as do the pseudopodia of the 
amoeba, and that by a slight extension the interval between 
the processes is closed. When the processes are not in con¬ 
tact they are said to be in a state of “retraction.” Much as 
such a function would facilitate and shorten our analytical 
work could incontrovertible experimental facts be adduced to 
sustain it, we are brought, by a review of the literature of the 
subject, to recognize that su^ facts are not available. Indeed, 
tile majoriiy of physiologists and neuro-histologists now con¬ 
sider the question of “amceboid movements of the neuron” in 
the light of a working hypothesis. 

There is one feature of the investigations in this direction 
which may serve to throw more light upon the whole ques¬ 
tion if one of the more prominent deductions submitted by 
me in the present work is taken into consideration; i.e., the 
fact that certain drugs cause overactivity or insufficiency of the 
adrenals. 

Much of the physiological work done in coimection with 
the neuron includes the administration of various toxics,— 
strychnine, chloroform, morphine, etc.,—and amoeboid move¬ 
ments or other active manifestations of the protoplasmic proc¬ 
esses are thus ascribed to the action of the drugs upon ihe 
neurons per se, whereas, in the light of my views, the changes 
of form witnessed should be ascribed to increased or reduced 
blood-supply when toxic doses axe given. To illustrate my 
meaning I will give in outline an experiment which repre¬ 
sents one of the key-stones of the entire theory, that of 
Demoor. Before doing this, however, it may, perhaps, be well 
to state that I will consider the terms "'neuron" as applying 
to the complete nerve-cell, including processes; "neuraxon" 
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to the (usually) single and long process which extends along 
the center of the nerTe>flber, and is then called “axis^linder; 
"(fendnYw” to the cell's many processes—some of which end in 
many branches or tufts—other than the neurazon. With 
Foster and Sherrington we will consider that neurazons carry 
impulses away from the cell, while dendrites transmit impulses 
into the cell. Two other prominent morphological features are 
the "yemmufes”—minute projections all along the dendrites— 
and their terminal twigs, which recall those on the stems of 
the moss-rose, and the varieoso, or irregular, swellings that may 
be observed in the course of the dendrites or their terming 
twigs. 

The experiment of Demoor was briefly as follows: He 
hiUed a dog by injections of morphine; a second dog was given 
morphine for some time, then killed by cutting the medulla; 
a third was trephined. The next day a piece of the left hemi¬ 
sphere of the latter dog was removed; the animal being then 
morphinized, another piece—^but of the right hemisphere this 
time—^was removed. Portions of the hemispheres of the two 
killed dogs having also been removed, all specimens were 
treated in precisely the same manner. The cellular changes 
were found to be similar in all specimens taken from the mor¬ 
phinized animals: their gemmules had disappeared. Alone of 
the series the piece removed before morphine had been given 
was covered with regularly distributed gemmules. Now the 
fact I wish to emphasize is this: while this experiment is 
thought by its author to show that the retraction of the gem¬ 
mules constitutes the inactive state, as induced by morphine 
through the heal action this drug is now thought to have upon 
nerve-cells, the retraction of ihe gemmules is due to general 
vasoconstriction of all arterioles, including those of the ad- 
renale, by a direct action of the morphine upon the sympathetic 
center. (See page 1272.) We thus have, instead of a purely 
local effect, an example of the general physiological process 
through which the neuron passes from the active to the passive 
state, the circulation of oxidizing substance in the neuron being 
thus inhibited. 

Again, the same structures treated by different methods 
have been found to yield different results. Thus, H. H. Saw- 
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den” found that "all material treated according to the slow 
method of Golgi shows, as a rale, an almost absolute freedom 
from yarioosities; varicose cells occasionally occur” The 
mixed method and the rapid were found to yield practically 
the same results when the dendrites had taken the stain: the 
gemmules were almost invariably present and regular. In 
some sections almost every dendrite was varicose; in others 
hardly any. All these results wero similar whether normal or 
*‘to3ic” material was used, and the author concludes that “it 
is impossible for an unprejudiced observer to differentiate or 
distinguish between the 'two kinds of material.” Lugaro,** 
who has upheld the retraction theory, also reached the con¬ 
clusion that “imperfect fixation is very largely, though not 
entirely, responsible for the formation of varicosities and the 
disappearance of gemmules.” Weil and Frank summarize what 
a review of the literature of the subject shows, when they say: 
“The findings have been in almost every case positive, although 
there are occasionally records of negative results and even 
contradictions,—as, for example, between the investigations 
of Demoor and of Soukhanoff on the effects of chloroform. 
. . . Betraction of the gemmul® and coincident swelling of 
the dendrites form the essential features of every description.” 

Judging from the foregoing estimates as to the effects 
of stains upon dendrites, these phenomena are to be consid¬ 
ered as artifacts: t.e., as artificially produced changes. Under 
these conditions, it is clear that the latter should appear, irre¬ 
spective of the condition of the animal at the time of its death: 
i.e., whether under the influence of toxics as stated, fatigue, 
etc. " 

That prevailing views in this connection are erroneous is 
my firm belief after a critical analysis of available experimental 
evidence. Particularly instructive and valuably in this con¬ 
nection are the experiments of H. H. Goddard,** which con¬ 
sisted “in cutting through the entire head of the animal at a 
single blow with a very thin sharp knife, the parts of the head 
falling instantly into large didies of Cox's solution wanned 

** H. H. BawSea; Journal of Compuattve KeuroltwVf May, 1900. 

** Lugaro: Rlvlsta dl patol. nerr. e mont, Tol. Ill, 1898.' 

'*H. H. Goddard: ,Jour. of Comiiar. Neurol., Not., 1898. 
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to 39° C. In his first experiment, puppies about seren week- 
old, sisters from the same litter, were used, the one while some¬ 
what tired, the other after having slept. A careful count of 
the pyramidal cells of the cortex of the somewhat fatigued 
puppy gave a proportion of 31.1 per cent, of cells showing 
varicosity, while cells from the same region of the puppy killed 
after sleeping was 8.6 per cent. In the former animal 15.9 per 
cent, of the cells showed much varicosity; in the latter only 
0.8 per cent, showed a similar state. In the second experiment 
the first of two sisters was killed on waking in the morning; 
the second at night when tired and ve^ sleepy. While it “was 
difficult to find a single varicosity on the dendrites of the mom- 
ing puppy, for long distances in the cortex of the evening 
puppy” it was difficult to find a cell "whose processes” were 
“not more or less varicose.” It is evident that in these in¬ 
stances at least the stain was not alone the source of vari¬ 
cosities, since it was only in the tired puppies that the vari¬ 
cosities were very marked, while in the thoroughly rested animal 
practically none could be found. 

Judging from these experiments, varicosity of the den¬ 
drites coincides with a fatigued condition. This corresponds 
exactly with the experiment of Demoor, previously described, 
since retraction of the gemmules is accompanied by varicosity; 
so that fatigue and a-large dose of morphine must have pro¬ 
duced similar results. 

If the staining process alone caused the formaticm of vari¬ 
cosities in Demoor’s experiments,—^the same method having 
been used for all specimens,—^how is it that one of the latter 
showed gemmules (which means absence of varicosities), and 
that this solitary specimen is precisely from the only animal 
which had not received morphine? Berkley*® found that poi¬ 
soning with alcohol "in considerable doses, continued over a 
moderate time, will produce decided and ascertainable lesions 
of the nutrient structures and nervous elements of the cere¬ 
brum” very similar in character to the pathological lesions pro¬ 
duced by other more virulent soluble poisons. The terminal 
twigs of the dendrite were also found to have become varicose 

"B«rUer: Bnin, V^Btar, USE; and Jehnt HopklM BoiplUl Raportt, vol. 
vl, MW. . . 
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or beaded, the gemmolee teing yerj scarce or absent Here, 
again, is a condition which, as 'does fatigue, morphine, and, ve 
may add, chloroform, chloral hydrate, and other toxics used 
by Demoor and others with similar rraults, all tend in the one 
direction: i.e., to morbidly reduce functional activity. This is 
a well-known characteristic of the bromides. In a study of the 
cortical cells under the influence of poisonous doses of potas¬ 
sium bromide, H. K. Wright** says: "If the primal ascending 
dendron is followed to its visible termination, several ampullous 
or varicose swellings of varying size are met with,” . . . 
"on the basal processes also varicosities arc to be seen; but 
they are small and, like those of the ascending protoplasmic 
process, are sharp in outline, and shorn of the lateral projec¬ 
tions which obtain on the unaltered part of the extensions. 
One may be seen on each secondary branch, and ranges in size 
from a small and scarcely recognizcAlc to a readily obvious swell¬ 
ing. None of them, however, reach the dimensions of the 
apical projection and its branches.” 

If the method of staining is the cause of all this, wo are 
brought to the conclusion that it must be selective as to the 
parts of the dendrite it affects, and that only functionally- 
impaired cells are so affected by the stain as to show varicosi¬ 
ties. Even then staining methods would furnish precious in¬ 
dications. But it seems clear to me that, while the newer 
chrome-silver methods still furnish imperfect pictures of the 
morbid alterations of the neuron, tiiey cannot with justice be 
said to either cause or prevent the formation or disappearance 
of gemmules and varicosities; in other words, that they are 
not artifacts of the Golgi method. The marked tendency of 
llie swellings to locate at the apices, and the gradual reduc¬ 
tion of the varices as the cell-body is approached recall, on the 
other hand, a well-known pathological principle: i.e., that the 
morbid effects of impaired general nutrition are firat felt by 
terminal structures. 

And the painstaking experiments of Weil and Frank do 
not appear to me in the least to prove their conclusions that 
■‘the varicosities must be regarded ae artifacts” and that "they 


■B. K. Wrisht: Brain, Snminer, 18B8. 
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depend for their presence and their amount on the form and 
method made, nee of/’ Demoor employed the same method in 
each of his comparative experiments and his results were not 
similar, the non*morphinized specimen alone differing from all 
others. Hubbard used the identical method in botii his com¬ 
parative experiments, and likewise obtained results which dis- 
tinctly showed a marked difference between the rested and 
fatigued animals. In these and other experiments referred to, 
the pathogenic agency, including fatigue, was allowed suffi¬ 
cient time to produce alterations in the cortical cells, if mitri- 
tion has anything to do with the process. 

In Well and Frank’s experiments the animals were orer- 
whelmed by tiie quantity of toxic administered, and death 
occurred, viewed from my standpoint, by arrest of the adreno- 
cardiac functions, long before any marked action upon the cells 
could possibly have occurred. The doses of morphine admin¬ 
istered were 0.38 and 0.41 gramme (6 and 7 grains), respect¬ 
ively, with death in 15 minutes; of strychnine nitrate, 0.018 
gramme (Vs death in 20 minutes; of hypertoxic urine, 

125 to 150 cubic centimeters (4 to 5 ounces), death in 15 to 
25 minutes. That these are overwhelming doses in rabbits is 
evident One animal was killed with serum (30 cubic centi¬ 
meters—1 ounce) in 5 minute; others with clhoroform inhala¬ 
tions in 10 minutes; one by tracheal clamping in 8 minutes. 
The rrat, six animals, were destroyed instantly by instrumental 
procedures. In none of these animals was there any distinction 
established as to whether they had been sleeping, eating, or 
romping, etc. That some were old and others young in the 
series of nineteen is probable; as is well known, erethism, espe¬ 
cially in such delicate structures, is greatly influenced by age, 
and a few months in the rabbit represent as many decades in 
man. The weight of each animal was not recorded 'in order 
to establish the relative action of a given dose of the toxic 
used per pound of animal, though, of course, in the experi¬ 
ments, the large doses used precluded any usefqiness on this 
score. 

' Finally, the authors themselves will surely admit that '*ho 
varicositieB,” “varicosities,” “slightly varicose,” and “very 
slightly varicose,” the method of notation utilized by them, 
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conveys but little exact information. And still, even this sue* 
tains a deduction opposite to theirs. Indeed, the short period 
of time that elapsed between the injection of the toxics in the 
animals killed in this manner—^represented by 108 blocks of 
slides—must have sufBced to initiate retraction of the gem- 
mules and the formation of varicosities, since only 10.2 per 
cent, of these blocks show no varicosities. When, on the other 
hand, the proportion of animals killed instantly by instru¬ 
mental procedures—93 blocks of slides—^is analyzed, over two 
and a half times as many, i.e., 28 per cent., are found to show 
no varicosities. 

But a fair question suggests itself in this connection: 
Why do the remaining 72 per cent, show any varicosities? 
Only 14 per cent, of the blocks from the instantly killed ani¬ 
mals are recorded as "varicose,” the remaining 58 per cent, 
being entered as "slightly^* or "very slightly” varicose. In their 
explanation of the scope given these terms, the first means "at 
least some varicosities” and the second as "only very few vari¬ 
cosities.” Now, the authors state that "in the first nine cases 
here recorded the brains were placed hi fixing fluids within 
three to- five minutes.” Nothing is said of the rest; so that 
we may infer that the ten other brains were immersed after 
longer intervals. We have previously seen, when the conver¬ 
sion of myosinogen into myosin was studied, that oxidation 
processes continued even after death: i.e., until all the oxygen 
had been utilized. That this must be the case with the brain, 
which contains one-fifth of the blood of the whole body, and 
that products of metabolism, especially CO„ should form in 
the entire encephalon is evident. It normally follows that we 
have in this factor a potent cause for the retraction of gem- 
mules and the formation of varicosities. 

Indeed, the contrast between the results reached speaks 
for itself when compared to those of Goddard, who resorted 
to procedures in which the exact condition at the instant of 
death were preserved, "the parts of the head falling instantly 
into large culture dishes warmed to 39“ C.” Even continua¬ 
tion of the normal brain temperature was insured. And what 
were Qoddard^s results? "It was difficult to find a single vari¬ 
cosity on the dendrites of the morning puppy,”—t.e., the thor- 
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oughly retted animal; while in the thoroughly tired one *'for 
long diatancea in the cortex . . . it ia difiBcult to find a 
cell whose proceaseB ue not more or leffi varicose.” That 
fatigue is the result of an accumulation of products of metabo¬ 
lism and especially CO, is generally recogni^. 

Qoddard’s procedure appears to me to represent as nearly 
perfect a one as available staining methods (Cox’s and the rapid 
method show considerable parallelism in Weil and Frank’s 
report, while the mixed and slow methods appear unreliable 
and contradictory) will allow; his restdts, in my opinion, 
portray the actual changes that are produced in. the neuron un¬ 
der the influence of certain poisons and during sleep: i.e., when 
the blood-supply of the brain is reduced.” (See plate p. 1264). 

Weil and Frank state that they "are able fully to cor¬ 
roborate the statement of Cajal that normal and toxic mate¬ 
rial cannot be differentiated by the number of varicosities or 
of gemmules.” The care with which such experiments must 
be conducted, apart from the method of staining adopted; the 
need Of immediate immersion, and other details to which we 
have referred, invalidate any opinion that the distinguished 
Spanish histologist may have expressed on this score, tmless 
he can show that his experimental physiological procedures 
were as perfect as his staining work must have been. Indeed, 
I must express the belief that the greater part of the physio- 
histological work done so far in this connection is valueless 
owing to the absence of the precautions to which I refer. 

Again, Bamon y Cajal’s ctmclusions that "the nerve-cells 
do not move, but on the other hand, that.the neuroglia-cells 
do move” (which underlies his view as to the gemmules Mid 
varicosities showing no difference when normal or ^*toxic”), 
has been shown by Dercum to embody its own refutation. 
"Cajal,” says the latter author, "points out the fact that the 
processes of the neuroglia-cells have numerous short arbores- 


" We wtih to partlenUurlr emphaalM ttie fact that we are In no way criticla- 
Ing adverady the work of Dn. Well and Frank. We bare nothing but pralae to 
ezpreea for theae Inveatlgatom. Much of the aearcblng Inquiry to which we are 
■ubmlttlng their paper includea the uae of featurea Introduced for the drat time 
In the preaent work, and obrloualy unknown to them. Indeed, if our Tiewa 
arentually prova to be aound, we wlU owe much to the oouater-evidence Dra. 
Wall and Frank—and, we may add. Dr. H. Heath Bawden—haye publlabed.—8. 
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cent and plumed collaterala, and he atatea that in theee cella 
two diSeient phaaea can be observed: first, a stage of contrao* 
tion,—that is, a stage in which the cell-processes become short- 
ened; and, secondly, a stage in which the cell is relaxed,—that 
is, a stage in which the processes of the neurogliarcells are elon¬ 
gated. He maintains that the processes of the nenroglia-cells 
represent an insulating and non-conducting material, and that 
during the stage of rdaxation these processes penetrate betwem 
the arborizations of the nerve-c^lls and their protoplasmic 
processes, and so make difficult or impossible the passage of 
the nerve-currents; on the other hand, in the stage of contrac¬ 
tion the processes of the neuroglia-cells are retracted, and they 
no longer separate the processes of the nerve-cells, and the 
latter are thus permitted to come into eontact.^^ Evidently 
Bam6n y Cajal admits tibe very thing against which he con¬ 
tends, for if the nerve-cell processes are at one time not in 
contact and at another are in contact, they must certainly 
move, and the question before us is self-admitted. It matters 
not whether the processes of the nerve-cells move little or 
much, but that they move at all is the question at issue, and 
this Ram6n y Cajal admits, though he makes the movement 
a purely passive one.”” To me it appears clear that, since 
Ram6n y Cajal held the nerve-cell to be a passive structure, 
requiring an independent connecting-link to close the circuit 
with the adjoinng cell, he must have denied both the gem- 
mules and tte varicosities any physiologic^ importance. His 
opinion, therefore, that normal material cannot be differen¬ 
tiated from toxic material, when applied to the retraction of 
genunules and the formation of varicositiw, cannot be said to 
rest upon solid premises, and, for the time being at least, to 
in no wise affect the question. 

In a comprehensive review of the anatomy and physiology 
of the nervous system, L. P. Barker*® makes the following re¬ 
marks: “The physiologist of the present day sees in the func- 


» W* win Me larthw on ih>t Cijal's obwrraUon u to the reUntloa ana 
eontraetloii ot nearogUarcell tiroceaaea ia TalnaUo In that It prorea that tha tips 
ot tha genunnlea do not tranamlt nerrona energr.—8. 
m nerenin: Unlvaralty Medical Magailne. April. UW. 

•• L. F. Barker: New Tork Medical Journal, May 16 a* aee., lSn-98. 
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tions of the nervous system, even in those which are most 
complicated, only certain manifestations of energy. Moreover, 
he believes that in neurons, as in all other cells of the body 
and as in the world generally, the law of the conservation of 
eiergy during transformation holds, and consequently regards 
the phenomena of irritability, as exhibited by a neuron or by 
groups of neurons, as the kinetic representative of the poten¬ 
tial forces of the cells and their foodstuffs. The metabolic 
activities and the vital manifestations of the cell are concomi¬ 
tant processes—another example of the inseparable connection 
which exists between what we term matter and energy. There 
has been in many quarters a certain amount'of hesitancy in 
accepting the view that the capacities of the nervous system, 
particularly those of the brain, arc dependent directly upon 
the chemical and physical alterations which are continually 
going on within its constituents: a hesitancy which, though 
it has in the past proved a serious obstacle to progress, is 
happily now fast disappearing. For the plant, all the evi¬ 
dence goes to prove that under the influence of sunlight and 
heat marked chemical and physical changes take place within 
it which wo recognize in its vital processes. In the animal— 
be it granivorous, carnivorous, or, like man, omnivorous—^it is 
the chemical energy introduced as food which represents, in 
the main, the source of the energy of the organism. . . . 
The physiologists have been struggling for fifty years or more 
to gain an insight into the nature of what they call nerve- 
impulses, by which is to be understood the occurrences inside 
axons: for example, at the time when we have good reason 
to believe that they are functionally extraordinarily active. 
Their efforts have supplied us with a multitude of data, phys¬ 
ical and chemical, interesting enough, no doubt, but which can 
serve as only the barest prolegomena to an explanation of the 
essence of the occurrences. If we are so badly informed con¬ 
cerning these elementary and fundamental phraomena we may 
very wdl be content to be modest for some time to come in our 
cl^s as regards a physiological psychology. It ia by no means 
impossible that in the nervous system* forms of energy are 
concerned which do not exist outside the animal body and 
which yet remain to be recognized and studied. . . . 
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Truly, to find out the properties of a single neuron would be 
a ta^ appalling enough; but, when we remember that of the 
millions of neurons in one individual perhaps no two are just 
alike, the quest would ^em hopeless. But instead of burying 
ourselves in pessimistic refiections, or being discouraged by 
what is at present unattainable, by what may perhaps forever 
remain to us unknowable, we may profitably turn to the con¬ 
sideration 'of some of the points which lie more within our 
ken. One point, self-evident enough when one’s attention is 
directed to it, but which often appears to have been overlooked 
in connection with the neurons, is the unremitting character 
of their activity. With a metabolism as complicated as that 
occurring within the nerve-units it is inconceivable that there 
can be any period in which alterations in chemical structure, 
and consequently energy transformation, are not going on. 
From moment to moment, throughout all the hours of the 
day and night, analytical and synthetic processes are taking 
place, associated with the alterations in physical forces which 
necessarily accompany these changes. In common with every¬ 
thing that lives, the neurons know no absolute repose. As 1 
have said, in speaking of their metabolism, periods of extrava¬ 
gant activity may alternate with periods of more economic 
change, but total rest is inconsonant with continuance of ex¬ 
istence. We are forced to believe that what we ordinarily 
speak of as the passage of a nerve-impulse represents, as it 
were, a stormy process in the nerve-fiber, and that just as absence 
of a storm does not mean absence of weather, there are in all 
probability minor alterations—currents, if you will—^passing 
to or fro or passing to and fro in a given nerve-fiber in the in¬ 
tervals between ihe more violent excitations.” 

The words that I have italicized will doubtless recall 
some of the more prominent features previoudy emphasized 
in respect to the relative nervous processes involved in the 
functions of ihe various organs reviewed. I have termed 
“passive” that form of energy continuously transmitted to tis- 
BUM and vessel-wallB. A quiet and steady flow of blood into 
■the cellular structures, simtained by the tonic contraction of 
the arteries^ and a stream of nervous impulses to the tissues 
coinciding in rhythm, perhaps, with that sent to the vessels. 
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suffice to insuTe nutrition and to hold the structures thiu sup¬ 
plied ready for active work. What is the source of this energy? 

If the posterior pituitary reinforces the flux of impulses 
when functional activity is demanded, passive energy would 
seem to require another source, and as the lower, or middle, 
brain and the cord are indud^ in the "sphere of influence’* 
of this organ, the hemispheres are the only parts of the en¬ 
cephalon that can supply the need. But they do not. Bemoval 
of the hemispheres, we have seen, doesi not impair muscular 
activiiy; a frog can jump, a pigeon can fly, etc., and, after a 
short x>eriod of shock-paralysis immediately after the opera¬ 
tions, movements return—evidence that their nutritional 
metabolism, incited and regulated by nervous impulses, con¬ 
tinues. Evidently, therefore, the hemispheres have nothing 
to do with the process; they are soldy tiie seat of the '^ind,” 
and constitute an organ among the r^t, itself supplied with 
vasomotor nerves (Obersteiner, Gulland, Huber, Hurthle, 
Cavazzani, Frangois-Franck, et ah), and probably with its own 
nutritional nerve-^tem. We are, therefore, brought back to 
the posterior pituitary as the only organ capable of satisfying 
the needs of the situation: i.e., as the only source of passive 
energy. 

This suggests that metabdism.' may suffice, through the 
agen<y of the blood’s oxidizing substance, to sustain physio¬ 
logical activity during the intervale between "stormy processes 
of the nerve-fiber”; but this is promptly shown to be a wrong 
interpretation when the effects of section below the medulla 
are recalled. As all the arteries of the organism are imme- 
diatdy relaxed, a continuous stream of impulses must have 
served to hold the vessels in tonic contraction: evidence, that 
passive nervous energy is a factor to be reckoned with. Thus, 
the fact that all co-ordinated muscular movements continue 
after removal of the hemispheres rdegates to the lower brain 
the function of supplying active energy—and, obviously, 
passive energy likewise, the need of the latter being shown by 
division of the lUednlla. Indeed, passive energy may well be 
described as passing to and fro in a given nerve-fiber in the 
intervals between the more violent excitations, while active 
energy can as fittingly be likened to "a stormy process in tiie 
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nerve-fiber’*: both aacribable, it now seme likdy, to the one 
organ, the poeterior pituitary body. 

To.establish the functions of the posterior pituitary within 
its proper physiological limits, however, it is necessary to as¬ 
certain how nervous elements in general and neurons in par¬ 
ticular are nourished, since it is upon the degree of perfection 
with which the nutritive processes are carried on by the blood 
that the functional integrity of these structures depends. 

The fact that a general nutritional process prevails, of 
which the adrenal system is the primary motive agency, 1 
have shown; but it finds further support in the following 
statements of Professor Barker’s—which, of course, but em¬ 
phasize a generally known fact—^that, "in the absence of sub¬ 
stances in the body derived from the thyroid gland, the nervous 
system undergoes very important and serious metabolic modi¬ 
fications, evidenced by the remarkable nervous and mental 
phenomena with which all are now familiar. On restoring 
these substances to the body by the administration of a thyroid 
extract the symptmns may sometime be made to disappear. 
It is likely, however, that the neurons find their staple foods 
in the main nutritive constituents of the blood as derived from 
the food digested in the stomach and intestines and purified 
by the lymph-glands and liver.” 

I have, I believe, satisfactorily shown that the thy¬ 
roid secretion incidmitally sustains the activity of the anterior 
pituitary body, and therefore of the entire adrenal system, by 
pouring its secretion into the blood. The functions of the 
digestive organs we have also reviewed. Among the latter, how¬ 
ever, are two upon which I laid considerable stress,— i.e., the 
spleen and pancreas,—and I called attention to the great impor¬ 
tance of trypsin—the splenopancreatic ferment—^in the con¬ 
version of sdbuminoid substances, and especially of their toxic 
derivatives, into benign products. These albuminoid substances, 
we have seen, then pass through the liver, and, after traversing 
the cardiopulmonary circuit are distributed broadcast through¬ 
out the organism. There is a feature which I kept in abeyance, 
however,—though a well-known one,—since at the time its true 
weight would not have asserted itself: the fact that albu¬ 

minoids include nucleins derived from the animal and vegetable 
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cells ingested with food, whidi nucleins contain at least 8 per 
cent, of phosphorus. We can now realize how great is the 
physiological rdle of the pancreas and of the spleen, in the 
organism. 

Indeed, the functions of these two organs may be said 
to constitute one of the pillars upon which the vital functions 
rest. As a constituent of calcium phosphate, phosphorus is 
found in the bones, teeth, cartilage, and other tissues; in the 
blood, milk, etc., in quantities which bespeak of its functional 
prominence, since calcium phosphate is represented by nearly 
six pounds among the organism’s constituents. Sodium phos¬ 
phate—^which gives the blood, lymph, and other body-fluids 
their alkalinity and fluidity, and the potassium and magnesium 
phosphates, which fulflll much the same rdle, obviously find 
in phosphorus their main dynamic attributes. But it is when 
we reach the nervous system that the functional worth of this 
element reaches its highest mark. 

How are nervous structures—neurons, axis-cylinders, 
sheaths, etc.—adequately supplied with blood-plawna, their 
oxidizing^ substance, their phosphorus, etc.? 

The Physioidqical Chemistry op Nerves. —The func¬ 
tions of myelin, or white substance of Schwann—a jelly- 
like homogeneous and transparent material which surrounds 
the axis-cylinder of nerves, and is only separated from it by 
a thin protoplasmic film—^may be said to be unknown. It 
is a fatty substance, blackened by osmic acid, and which, 
after death, coagulates and becomes opaque, loses its homo¬ 
geneity, etc. Myelin is-now universally considered as a pro¬ 
tective coat: a function which the overlying neurilemma al¬ 
ready fulfills. Is myelin fatfy in the true sense of the word? 
Examined diemically in quantities, a very large proportion of 
dried nerve-substance—about one-half, according to some ob¬ 
servers—consists of a peculiar body: cholesterin. This body 
is not a fat, but an alcohol; like glycerin, however, which is 
also an alcohol, it forms compounds with fatfy acids. ^‘Though 
we do not know definitdy the chemical condition in which 
cholesterin exists during life in the medulla,” says Professor 
Foster, "it is more than probable that it exists in some com¬ 
bination with some of the really fatiy bodies also present in 
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the medulla, and not in a frm isolated state.” . . . ‘besides 
oholesterin, 'white’ nervous matter contaias a less, but still 
considerable, quantity of complex fat whose nature is disputed. 
According to some authorities rather less than half this com¬ 
plex fat consists of a peculiar body, lecithin, which we have 
already seen to be present also in blood-corpuscles and in mus¬ 
cle. Lecithin contains the radical of stearic acid (or of oleic, 
or of palmitic acid), associated, not—as in ordinary fats—^with 
simple glycerin, but with the more complex glycerin-phosphoric 
acid, and further combined with a nitrogenous body, neurin, 
an ammonia compound of some considerable complexity; it is 
therefore of remarkable nature, since, though a fat, it con¬ 
tains both nitrogen and phosphorus.” Oholesterin (C*,H 440 ), 
lecithin (C 44 H,oNPO,), and neurin (OBH^NOa), as shown by 
the formulae, are all oxygen-containing bodies. May this sup¬ 
posed coating and insolating material, myelin, not be to the 
nerve what myosinogen is to muscle ? 

CholMterin, we have seen, is associated with hepatic func¬ 
tions. "It is singular,” says Professor Foster, "that, besides 
being present in such large quantities in nervous tissue, and 
to a small extent in other tissues and in blood, oholesterin is 
a normal constituent of bile.” I have previously referred to 
the fact that this alcohol, the only one which occurs in the 
body in a free state, combines with glycocholic acid in the 
formation of bile, and is thus eliminated by the liver. This 
view sustains that of Austin Flint, who looked upon oholesterin 
as an excrementitious product derived from the nervous sys¬ 
tem: i.e., the result of nerve-metabolism. Oholesterin is pres¬ 
ent in abundance in the white substance of the ccrebro-spinal 
axis, as well as in the myelin, or white substance of Schwann, 
in nerves. We have seen, however, that the elimination of 
excrementitious products by the liver is carried out by the 
combination of various agencies: mainly glycocholic and tauro- 
cholic acids derived from cholic acid through an oxidation 
process in which the oxidizing substance plays the predomi¬ 
nating r&le. That an oxidation process also occurs in a nerve 
during functional activity is suggested by the following lines 
of Mathias Duval: "Direct experimentation has shown that the 
functionating nerve is the seat of increased combustion; this 
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is acoampanied by the liberation of beat» the preeence of vbich 
Scbiff has demonstmted even np to the nerye-centers, tinder 
the influence of fear, of excitation of the Bensefl, of any cause 
—^Ln a word—which produces cerebral activity.” 

Lecithin—conspicuous component of the brain, nerves, 
yelk of egg, semen, pus, white blood-corpuscles, and the elec¬ 
trical organs of the ray”—suggests i1» identity as at least one 
of the sources of energy we are seeking by the fact that if 
merely allowed to stand at the ordinary temperature its solu¬ 
tions acquire an acid reaction and are decomposed.. In the 
intestines it sometimes breaks up into its constituents: fatty 
acids, glycerin, phosphoric acid, and cholin (Howell). Neurin 
is, in reality, cholin, and therefore a decomposition product of 
lecithin. As previously stated, Tappeiner*^ obtained fatty acids 
as a result of cholic-acid oxidation. These factst, of course, are 
only dted as mere landmarks to indicate that we are dealing 
with oxidizable bodies. As far as the nerves themselves are 
concerned, therefore, it seems probable that we have in lecithin 
an agency capable, by the character of its molecule,— i.e., car¬ 
bohydrate, phosphorus, etc.,—of acting as a potent source of 
working energy when brought into contact with the oxidizing 
substance; and in choleterin the main waste-product of nerve- 
catabolism. 

Admitting, then, that we haro in the lecithin of mydin 
a body capable of acting as a source of energy in a way similar 
to myosinogmi in muscle, how does the oxidizing substane of 
the blood-plasma reach it? The node of Banvier and the 
neorilemma that covers them allow silver stains to reach the 
azisHiylinder, but the myelin itself does not permit of this. 
This suggets that the node themselves— i. 0 ., the tings form¬ 
ing them—^may allow the blood-plasma to filter through them, 
thus bringing the oxidizing substane in immediate contact 
with the axis-cylinder. The finer anatomy of nerve indicate 
that such may be the case. Indeed, the node referred to occur 
at regular intervals, and eparate the nerve, as is well known, 
into as many segments, which recall, in a measure, tiie muscle- 
fiber and the liver-cell or, at leasi^ feature characteristic of 
both thee structures. If the blood-plasma can penetrate the 


**T»vpeiB«r: Zeltaolirirt tBr Biologic^ BS. xli, B. 60, 18K. 



THB PHTSIOtOGlCAIj CHBIUBTHT OF KBRVBS. 


635 


nodes of Banvier as do Btains, there only lies between it and 
the azis^linder an extremely delicate layer of protopla«n,— 
Mauthner’s sheathy—which in no way would impede the en» 
trance of the fluid into the axis-cylinder itself. 

The term ‘^cylinder’* suggests the tubular shape of the 
latter: in accordance with Bemak’s view that it consists of a 
delicate, longitudinally striated tube, filled with an albumiuous 
liquid. The prevailing tw, however, is that of M. Schultz, 
who considers the axis-cylinder as made up of fibrils united 
by an intervening unknown substance. This seems to me to 
vividly recall the arrangement of muscular fibers as regards 
their relation with the blood-plasma: i.e., minute fibers into 
which the plasma may freely enter. Again, we must not lose 
sight of the fac^ in this connection, that the axis-cylinder is 
nothing but the elongated axon of a neuron, and that the 
fibrillsB now referred to, therefore, represent the intimate 
structure of a neuron’s axon. Now, as Schafer holds that these 
fibrillsB are extremely fine tubes filled with fluid, and as the 
character of this fluid is not known, I have good reason to 
beUeve that they are channels for the blood^plasma: i.c., for 
the oxidizing substance,. 

But there is another feature which points to the axis- 
cylinder as a channel for the oxidizing substance: i.e., the fact 
that the so-called "medullary sheath”— i.e., the myelin itself— 
contains a supposed "supporting frame-work.” The stri® rep¬ 
resenting them were at first termed "clefts” or "incisures” by 
Schmidt, Lautermann, and others, but Banvier considered 
them as protoplasmic septa which subdivide each intcmodnlar 
segment of the nerve into several conico-cylindrical cham¬ 
bers. W. H. Wynn,** who gives an excellent review of this 
subject and the results of personal researches, refers to those 
of Bezzonico** and Qolgi,** who “from the examination of fibers 
treated by a mixture of bidiromate of potash and osmic acid, 
and afterward by nitrate of silver, find that each cleft is 
occupied by what appears to be a thread of darkly-stained 
substance passing spirally around the fiber. They consider,” he 

■W. H. Wynn: Joniu! of Anat and Physiol., April, 1900. 

oRessontco: Archtvio pot le Sol. mod., Torino, vol. It, 1880; and Oaisetta 
mod. Ital. tomb., HUano, vol. 1, 18T8. 

** Qol|l: Arch, per to SoL msd.,Toriiio, vol. It, 1880. 
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adds, “that the supporting frame>work of tite sheath consists 
of a chain of funnels surrounding the axisKsylinder, each fun< 
nel being formed by a spiral thread.” Tizzoni” “believes 
that there is but one net-work dosely investing the axis- 
cylinder, and that it is t» connection with the slits of Lauter- 
mann.” McCarthy is stated to have shown that, “after a 
nerve has been hardened with picric acid and ammomum 
chromate, the medullary sheath contains minute, rod-like 
structures, which pass rapidly between the axis-cylinder and 
the primitive sheatii so as to give the cross-section of a fiber 
the appearance of a wheel. I'he rods stain with carmine and 
hsmatoxylin, which do not stain the myelin. It is not possible 
to isolate the rods as separate elements, for they are not dis¬ 
tinct from one another, but united.” Finally he refers to the 
fact that Lautermann, von Stilling, Boudanowski, and Mc¬ 
Carthy all believe that there is “a system of hollow canals in the 
sheath of the axis-cyliiider,” and himsdf reaches the condu- 
sion that the cones they form are protoplasmic, and not com¬ 
posed of neuro-keratin, as is usually held. He divide “each 
cone into six segments placed at regular distances apart and 
converging from the primitive sheath to t3ie axis-cylinder.” 
This is well shown in the annexed illustration, reproduced from 
his paper. If we now consider the segments as canaliculi 
leading from the axis<ylinder, we can readily see how the 
blood-plasma can penetrate the myelin and its oxidizing sub¬ 
stance, and these bodies carry on, when brought into contact, 
a reaction similar to that which occurs in muscle-fiber. Indeed, 
if the various features enumerated are collectively considered, 
it will become apparent that the myelin, or white substance of 
Schwann, when in contact with the oxidizing substance of the 
blood-plasma undergoes a reaction in which chemical energy is 
liberated. 

When we consider that the axis-cylinder is, as stated, the 
continuation of a neuron’s axon, it is not difficult to account 
for the various phenomena, known under the general term of 
“nerve-degeneration,”—t.e., the disorganization of myelin, the 
di^lution of the myelin, etc.,—at the distal end of a nerve. 


■■Tlnonl: ArehtTio par la Sol. mad., toI. Ill, (im. 1, UTS. 
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whea the latter has been cut. Very suggestiye, in this connec¬ 
tion, are the following lines by Professor Barker*®; "Waller 
proved that if a motor nerve was severed there resulted com¬ 
plete degeneration of the fibers in the peripheral end, even 



DIAORAK of RBIiATlON BKTWBBN LONOmJDlMAXj AND TRANBYRRSB 
SXCTIONB, SBOWINO CONBB CITT ACROBB AT DXFFBRBNT LBVBDB. 

1, at bOBB of cone; 2, tbrougb middle of cone; 3, through apex of 
cone; 4, through Interval between two cones. In 1. 2, and 3 the cone 
segments and protoplasmic sheaths are seen. In 4 only the thin pro¬ 
toplasmic sheaths beneath primitive sheath and around axis-cylinder are 
visible. (W. IT. Wyna.) 


to the muscles which they govern, the central end remaining 
apparently intact. As a matter of fact, the changes charac¬ 
teristic of the Wallerian degeneration could not, as a rule, 
be traced farther in the central end than to the first node 
of Banvier.” Stewart*’ states that "in the degenerated nerve 


"Barker: Loe. eit., p. T40. 

"Stewart: “Manual of Physiology,” p. 607. 
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the Bubstancefl soluble iu ether are relatively increased oving, 
in part, to fatty degeneration of the axiB-< 7 linder/* and that 
"the percentage of phosphoms ia markedly diminiahed (Mott 
and Barratt).” 

Another process which seems to acquire a certain degree 
of light is nerve-regeneration. It is obvious that if we grant 
the asis-cylinder, as the extension of the axon, all functional 
and nutritive attributes, we may easily explain peripheral 
nerve-degeneration, but not regeneration, the peripheral seg¬ 
ment being unprovided for by reason of the section. We know, 
on the contrary, that a piece of the nerve must be removed in 
order to prevent reunion, and that otherwise in two or three 
weeks, and often earlier, its functions will be restored. New 
cylinders and fibrils grow, acquire myelin, and, perhaps, guided 
and assisted by (nucleated) neurilemma, soon meet those of 
the peripheral segment and become connected with them. 
Physiological functions of a normal kind must underlie this 
process even in the peripheral end of the nerve; otherwise 
union would not take place. Finally (we can only refer to a 
few of the more prominent processes involved in the vast sub¬ 
ject now claiming our attention) the functional phenomena 
that follow after division of the cord distinctly indicate the 
continuation of nutrition and the functional activity—^though 
impaired—^in the distal fragment Foster, for instance, says: 
"In the mammal (dog) after division of the spinal cord in the 
dorsal region regular and apparently spontaneous movements 
may be observed in the parts governed by the lumbar cord. 
When the animal has thoroughly recovered frmn the operation 
the hind-limbs rarely remain quiet for a long period of time; 
they more restlessly in various ways; and, when the animal 
is suspended by the upper part of the body, the pendent hind- 
limbs are continually being drawn up and let down again with 
0 monotonous rhythmic regularity suggestive of automatic 
rhythmic discha^es from the central mechanisms of the cord. 
In the newly-bom mammal, too, after removal of the brain 
movements apparently spontaneous in nature are frequently 
observed. But all these movements, even when most highly 
developed, are very different from the movements, irregular 
and variable in their occurrence, though orderly and purposeful 
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in their character, which we recognize as distinctly voluntary” 
Indeed, the nervous energy that myelin and the oxidizing sub¬ 
stance procure is that which allows a frog deprived of its 
hemispheres and its middle brain "to ainlr in water as though 
the animal were of lead.” 

The axis-cylinder composed of fibrils into which blood- 
plasma penetrates being continuous with the axon of a neuron, 
we are brought to realize the nature of the parallelism between 
the functional phenomena of the latter and those of the supra¬ 
renal glands to which I have already referred. But we must 
not lose sight of the fact that each "medullated” nerve-fiber 
is divided by the nodes of Ranvier into as many subdivisions, 
and that each intemodal segment receives its own supply of 
plasma. Does the neuron receive its supply through this chain 
of segments, or, rather, through the axis-cylinder that passes 
through them? That the former mechanism alone prevails is 
improbable, since so prominent a part of the entire structure 
as its cell-body, the seat of its nucleus, would hardly be sup¬ 
plied in so indirect a manner. The very importance of its 
functions betokens the existence of direct supply. Does such 
a vascular system exist? Fortunately, we have not far to seek. 

The CiBoni.&TiOK op the Nedbon. —Barker, in a review 
of the facts that have been adduced for or against the neuron 
doctrine,*^ concludes that "it may be said, with fairness, that 
the control instituted by hundreds of histologists in various 
parts of the world has practically in every instance in which 
the method of Oolgi or the method of Ehrlich has been em¬ 
ployed gone to confirm the conception that the neuron is a 
unit in the sense of Waldeyer.” The latter investigator’s 
words, giving the gist of his doctrine, are also quoted: "If 
we review the mam advance, made certain by the anatomical 
investigations discussed, it lies, in my opinion, in the sharper 
limitation, now possible, of the anatomical as well as the func¬ 
tional elflmentH of the nervous system (for such we have to 
consider the nerve-units-neurons), and also the discovery of 
collaterals, with their end-arborizations, by Qolgi and S. 
Bam6n y Cajal.” The following lines of Waldeyer*8 are also 


■■ Barker: -American Journal of Ineanltr. July, JS88. 
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quoted: we aflsnine, with Oolgi and B. Haller, the existence 

of nerve net-worJke, the conception is Bomewhat modified, but 
we can atill retain the nerre>unit8 1 . .**—all of which 
tends to show that, while the neuron doctrine stands on a solid 
foundation, there is a stumbling-block in its way which has not 
as yet been removed. Especially is this irue since the inv^i- 
gations of Ap&thy, of Naples, who, after several years* study, 
has unquestionably demonstrated the existence of a net-work 
of what he terms "neuro-fibrils.” 

That Ap&thy*s "neuro-fibrils” as well as Qolgi and Haller's 
nerve net-works are not nerve-elements, but fine capillaries 
which serve for the circulation of blood-plasma, seems to me 
probable. In the following extracts the italicized words will 
serve to call attention to the various links between these struct¬ 
ures and others that we have analyzed. Professor Barker sum¬ 
marizes Ap&thy’s views as follows: "Ap&thy has been convinced 
for some twelve years that the nervous system is composed of 
two varieties of cellular elements entirely different from each 
other: nerve-cells and ganglion-cells. The nerve-cells, the 
architecture of which is quite in accord witii that of muscle- 
cells, give rise, he thinks, to neuro-fibrils. A neuro-fibril, in 
turn, passer out of a process of a nerve-cell and then goes through 
a number of ganglion-cells, and ultimatdy, after leaving the last 
ganglion-cell with which it is connected, passes more or less 
directly to a muscular fiber or to a sensory cell. The neuro¬ 
fibrils are, as conducting substance for the nerve-cells, what the 
mtucle-fibrillce are as contractile substance for the muscle. The 
pathways to be followed by the neuro-fibrils are predestined 
from the earliest'embryonic stages, for they correspond, ac¬ 
cording to Ap4thy, to the intercellular protoplasmic bridges." 
That we have all required dements in support of my belief is 
evident; we have seen that muscle-fibers are, in realiiy, deli¬ 
cate tubes; that vascular channels for the transmission of 
blood-plasma should be protoplasmic is as obvious as is the 
need of their penetrating into and out of jhe cells. 

What appears to me as conclusive evidence is indirectly 
afforded by the deductions of Ehrlich, suggested by his study 
of the methods of staining living nerve-cells and their processes 
with methylene-blue. **Ehrlich found,” says Barker, "that by 
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injection of a solution of methylene-blue dissolved in salt solu¬ 
tion intra vitam into the blood-vmeU of an animal, the axis- 
cylinders of many of the nerve-fibers (see Fig. 1), as well as 
numerous (particularly sensory) nerve-endings (see Fig. 2), 



The BXis-ejrllnden are atained dark blue. In placea the myelin 
■heath la aomewhat atained. The nodea ot Ranrler and the dlrtalona of 
the abera at aome of the nodea are Well ahown. 


were stained after a time, when exposed to the air, an intense- 
blue color, the other tissue-elmnents remaining little or not at 
all affected.’* It seems clear that, if a solution introduced 
through blood-vessels can stain the axis-cylinders, the liquid 
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within tile latter must be more or lees a continuation of flia t 
in the blood-vessels. Again, I have suggested that the blood- 
plasma, including its oxidizing substancb, was the liquid in the 
axis-cylinders; that this is true is shown by Ehrlich’s observa¬ 
tion that ‘^e conditions in the nerve-structures essential to 
the methylene-blue reaction” were, he thought (1886): "(1) 
oxygen saturation; (2) alkalinity.” I have tiiown these 
are the essential attributes of blood-plasma. 



FlO. 2.—SXNBOBT NSRVX-BKDINa Staikxd wnR UsrHTi<iiinB-B]:.iia 
(Mjbtbod or Bhruch) in tbb Exocabdiun or thb I.aFT Aubicub 
or A qbat Rat. (After Smtmote.) 

This seems to me to afford an insight into the physiological 
chemistry of the axis-cylinder of the neuraxon when a short 
distance below the latter it has become a medullated nerve. 
Indeed, the prevailing view that the myelin represents a pro¬ 
tective and insulating coat may at least be said to be open to 
doubt, especially when coupled with the facts that its chemical 
composition is unkno^, and that there is another external coat: 
the neuro-kemtin neurilemma, which suggests, by its composi¬ 
tion, that it is im isolating covering and that it also fulfills this 
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i-dle in non-meduliated nerv%. That the myelia is the seat of 
ii combuation process during which heat is liberated and a de¬ 
composition product^ cholin, is formed, we have, seen. If we 
DOW consider the composition of the active component of 
myelin, lecithin, t.e., carbohydrates and phosphorus, and its 
analogy, as regards carbohydrates, to myosinogen, the prob¬ 
ability that it serves as a source of energy, as does the latter 
when in contact with oxygen, suggests itself. That such is the 
case, however, is shown by the fact that the contents of the 
neuraxon or axis-cylinder fulfills the conditions necessary for 
methylene-blue staining, as laid down by Ehrlich, t.e., oxygen 
saturation and alkalinity, the characteristics of blood-plasma. 
Indeed, it seems to me permissible to conclude that:— 

1. Myelin, or the white substance of Schwann, is to nerve- 
structure what myosinogen is to muscle-fiber: i.e., its immanent 
source of energy. 

2. The axis-cylinder and the canaliculi derived therefrom 
are made up of fibrils that serve as channels for blood-plasma. 

S. A part of this blood-plasma penetrates into the axis-cylin¬ 
der through Banvie/s nodes. 

J^. Lecithin, a body composed mainly of hydrocarbons and 
phosphorus, the active constituent of myelin and a prominent 
component of the electric organ of the ray, when exposed to the 
action of the oxidizing sudistance liberates energy: i.e., nervous 
energy. 

Continuing our quotations from Professor Barker’s arti¬ 
cle,.! will introduce the various points of comparison which 
appear to me to sustain my interpretation of Ap&thy’s neuro¬ 
fibrils. ‘Tnside the ganglion-cells a reticulum of toe fibrils 
derived from the nduro-fibrils in transit can be stained a beau¬ 
tiful deep-violet color by Ap&thy’s chloride-of-gold method.” 
That the latter method can be considered as similar in action 
to the methylene-blue method and that the stain follows the 
BATWA ffTinTinglg and affects the same chemical constituents of 
the plasma is shown by the following remark of. Professor 
Barker’s: **With a little <»re and a good sample of methylene- 
blue the nerve-endings and the aais-cylinders of medullated 
fibers with which they are continuous, can be stained in a 
way far surpassing in constancy and completeness the best re- 
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Baits of the uncertain gold*chloTide procedure.** As the methy. 
lene-blue and a modified chloride-of>gold stains were thoso 
mainly used by Ap&thy, no confiuion can occur on this score. 

Indeed, if we convert all of Ap&thy*s neuro-fibrils into 
minute capillaries, their identity as inherent parts of the gen¬ 
eral circulation is placed on a solid foundation by the following 
remark of Professor Barker’s: 'The doctrine of the fibrillary 
nature of the axon and unstainable portion of the protoplasm 
of the nerve-cell has recently received support from the studies 
of Lugaro** and Levi." . The former, too, in his studio of the 
nerve-cell under pathological conditions—^for example, after 
poisoning with had and oraemo—finds that the fibrils may be¬ 
come very distinct in the nerve-cells.” That this directly points 
to the one system through which the morbid changes can occur, 
t.0., the adrenal system, and that it precisely coincides with the 
foregoing remarks bearing upon this system, is evident. 

The similarity of the neuro-fibril, on the one hand, to the 
axis-cylinder and its cell-body extensions, on the other, now 
becomes a normal consequence. “Each neuro-fibril is,” Ap4thy 
states, *^ade up of a large number—^near its origin, at any rate 
—of 'elementary fibrils,* and in the course which it follows de- 
mentary fibrills are being given off at short intervals until 
finally the neuro-fibril itself may be reduced to a single de- 
mentary fibril.” The fibrillary structure of an axis-cylinder is 
as dearly reproduced here as it can well be; the giving off of 
fibrils but typifies the irregular distribution of “non-medul- 
lated” nerve-fibers, and particularly those of the “sympathetic” 
system. 

All tluB recalls a structure which appears to me to be inti¬ 
mately connected with the general circulation, the neuraxon 
and its cellular extensions, and Ap4^y*s neuro-fibrils—all 
being considered as component parts of the general vascular 
systmn: t.0., yirchow*s neuroglia. 

The prevailing view concerning the rdle of this structure 
is that it. affords a supporting frame-work for the nervous ele¬ 
ments. Both in the white matter and gray matter the medul- 
lated nerve-fibers are separated one from the other by a 


* Lnsaro: RMiU 01 pstol. n«rv. a mentalek toI. 1, USa 
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net-work of glia-fibers. In the gray substance, however, the 
neuroglia, though present in greater abundance, as a rule, than 
in the white substance, varies considerably, the net-work of 
fibers being especially thick in certain parts. “The neuroglia 
is present in greatest abundance in the gray matter immedi¬ 
ately surrounding the central canal of the cord and the ven¬ 
tricles of the brain (the ependyma, as it is called),^’ says 
Stewart*^: a suggestive feature in connection with the views 
submitted in the present chapter. The neuroglia-cells, as is 
well known, are of two kinds: those provided with mossy proc¬ 
esses and those that have smooth extensions. A large number 
of invratigators still consider that the latter represent true 
processes, and that, by freely anastomosing, they make up the 
mesh-work which surrounds the nerve-cells and their prolonga¬ 
tions. Banvier, however, after a searching study of the sub¬ 
ject, was led to condude that the smooth processes of these 
(stellate) gliapcells, were in reality neuroglia-fibers which 
merely passed through the latter in all 'directions, without 
forming part of the cellular structure per se. We have seen 
that ApAthy*8 neuro-fibrils, when they left tlie “nerve-cell,” 
also passed through the cells after forming a reticulum in the 
latter: a feature which suggests that ApAthy’s neuro-fibril and 
the neuroglia-fiber may be structurally similar. 

It was formerly thought that neuroglia was a variety of 
connective tissue, but this view no longer prevails. Indeed, 
80 distinct is the latter from neuroglia that the two structures 
can be differentiated from each other by the simplest tests; 
thus, Banvier and Malassez foxmd that connective tissue placed 
in cold water was not modified after several days’ maceration, 
whereas neuroglia-fibers were completely destroyed after two 
or three days. On the other hand, connective tissue was com- 
pletdy destroyed by prolonged, boiling in water, while neu¬ 
roglia was hardly altered under similar conditions. The sug¬ 
gestive relationship between ApAthy’s neuro-fibrils and glia- 
fibers offers some ground for the belief that glia-fibers are also 
nervous elements. This appears to be sustained by the fact 
that identical results ensue when nerve-fibers and connective 
tissue are submitted to the last of the two tests mentioned, the 


Stewart: PhraloloKj, p. 671, 1900. 
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nerve-fiber being merely rendered opaque, while the connecth.! 
tissue is destroyed. As the latter is gelatinous, its dwtructioji 
is easily accoiinted for, but why should the nerve-fiber be ren¬ 
dered opaque? Evidently non-meduUated fiber Jbad been used 
in the test, for medullated fiber is always opaque, while thr 
non-meduUated is translucent. I am led to suspect, in view 
of my belief that the axis-cylinder of a nerve contains blood- 
planna, that it is the latter which became opaque during .the 
boiling process. This is an important feature, for it would 
mean that neuroglia-fibers also contain plasma. • 

The identity of neuroglia-fibers as plaiuna-channels be¬ 
comes emphasized when the morbid effects of poisons upon 
them and upon their cells are studied. Berkley^* found the 
cell-bodies of the vascular neuroglia **larger, the protoplasmic 
extensions” being ^'thick and knotty and the arms extending 
toward neighboring vessels more prominent than in the normal.” 
This was noted in slides derived from animals submitted to 
experimental acute alcoholic poisoning. When we consider 
that alcohol primarily stimulates the adrenal system with great 
violence and that the neuroglia closely invests the blood-ves¬ 
sels, it seems permissible to surmise that the thickenings and 
knots are dilations due to the centrifugal pressure of the plasma 
derived from the capillaries. Especially does this seem prob¬ 
able when the fact that ^*capillaric», like the intermediary ves¬ 
sels, are tortuous and twisted” is added to the rest of the 
evidence. And these alterations, besides mi *^exceeding abun¬ 
dance of the polynuclear leucocytes in and. around the cerebral 
vessels,” etc., are not peculiar to alcohol, for Berkley emphasizes 
the fact—demonstrated for the first time—that the lesions 
produced “are very similar to the pathological lesions produced 
by other more virulent soluble poisons”: additional proof that 
the adrenal system underlies the morbid proems. Serum- 
poisoning was also found to cause great swelling of the bodies 
of the vascular neuroglia, “thick groups of these swollen cdls” 
surrounding *^early all the vMsels of any size in the gray 
layers.” In ricin poisoning Berkley found the oell-bodms 
^^universally much larger than the' control,” and “apparently 
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even globular in ontline.” The extensions were also 
thi.'kcr and more nodular. **Are these elements, which belong 
to the lymphatic apparatus^** queries the author, '^taking up 
deiritus from the degenerating protoplasm of the nerve-cells 
00(1 becoming engorged?” The conclusion that they belonged 
to the lymphatic system was reached because they were found 
to contain lymph, which, in the language of Johannes Muller, 
ig “blood without its red corpuscle”: i.e., blood-plasma, and, 
of course, its due proportion of oxidizing substance. 

Evidoitly then, it is the plasma found in the capillaries 
of cellular elements of all organs whidi, crowded by .excessive 
back-pressure (due to the marked contraction of the central 
vascular trunks induced by the poisons), causes the endothelial 
plates or cells constituting the walls of what Berkley terms the 
“intermediary vessels” to look, using- his words, "as if they 
had been subjected to severe strain,*’ as their even walls have 
“many irregular bulges in their outlines.” That the neuroglia- 
libers are t^e channels through which it is transmitted is also 
suggested by a remark made in connection with the effects on 
the gemmules, the retention of which, writes Berkley, “clearly 
shows that tbe swelling comes from within the substance of the 
stem and pushes the gemmuls, which are still adherent, out- 
mrdly and apart.” 

Does a direct? connection between the neurogliarfibers and 
tlie protoplasmic processes of neurons exist, as suggested by 
the fact that Apdthy's neirfb-fibrils are stated by him to pene¬ 
trate the cell-bodies—^provided his fibrils are glia-fibers? To 
establish this npon a firm basis, the thickening, bulging, etc., 
found by Berkley upon the vascular neuroglia must also be 
shown to extend to the processes of the neuron. 

Golgi has expressed the opinion that the greater part of 
the nerve-cell— i.e., the entire structure excepting the axis- 
cylinder—^wfw concerned with its nutrition: a view .which met 
with considerable dissension. Among the opponents of this 
int(*rpretation was Forel,** who contended that the entire cell 
w’iis simultaneously endowed with nutritional and functicmal 
aiiributes. This conception was defended by Eamdn y Cajal, 
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and seems likewise sustained by our analysis, so far. Indc <1, 
we have seen that the axis-cylinder, if my interpretation is 
sound, is able, through the presence of its coat of myelin and 
its plasma-containing fibrils, not only to supply chemical— 
probably nervous—energy, but also to under^ nutritional 
metabolism. Can we say the same of the cell-body of tlic 
neuron? 

We have seen that the fibrils penetrate the nerve-cell, and 
that various poisons, as shown by Lugaro and Levi, cause them 
to become “very distinct.*’ Referring to the intracellular 
distribution of fee fibrils. Barker says of Apdfey: “He «le- 
scribcB the finer peripheral neuro-fibrils as follows: They are 
seen to enter the cell-body and passing out to the peripheral 
port of its protoplasm, there to break up into a complicated 
plexus composed of anastomosing elementary fibrils in the 
outer chromatic zone. From this peripherAl plexus there pass 
through fee ^inner alveolar* zone radial branches to fee in¬ 
ternal chromatic zone, in which is to be seen another fine 
plexus of elementary fibrils, which, an^tomosing and converg¬ 
ing, finally form the single strong motor neuro-fibril, which 
passes out of fee cell through fee very center of its pyrifonii 
process. In other animals studied by Apathy there are cells 
with definite dendrites entirely separate from fee axon and in 
these the celinlipetal neuro-fibrils enter hy way of the. dendrites, 
ramify and anastomose freely inside fee cell-body, and then, 
reuniting, taJee their exit from the cell by way of the axon. 
Similar relations exist in the ganglion-cells of the vertebrates 
which he has studied thus far.” 

This strikingly coincides wife fee course of the plasma- 
fibrils or capillaries as I interpret it Indeed, if the fibrils 
enter fee cell, form a plexus therein, and pass out “by the wav 
of fee axon”: fibril, plexus, and axon represent a continuous 
channel which must contain plasma, since I have ascertained 
that the axon contains this fluid. Again we obtain a clem' 
indication as regards the path of the blood-stream: it enter- 
by the dendrites and passes out by way of the axon. It is witli 
fee dendrites, therefore, that fee vascular neuroglia-fibcr- 
found thickened, globular, etc., by Berkley in his poisoned 
animals must be connected. But this fact suggests that fees> 
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siiuctures should likewise presenl irregular swellings under 
tlio influence of tlie same agencies, and that the axis-cylinder 
iiliould show less, the intracellular formation of plexuses and 
iuiastomoses interposing a barrier to the too free passage of 
jtlasma. That such is actually the case is illustrated by the 
nnnexed plates by Berkley, which represent the lesions found 
ill the neurons of the poisoned animals to which reference has 
been made. 

If the protoplasmic processes or dendrites are the first to 
bear the brunt of the vascular engorgement, the plasma being 
tarried tp them through fibrils connected with their tips, these 
tips or extremities should first show evidence of the expansile 
pressure. This is well illustrated in Fig. 1 , a "psychical cell 
from the second cellular layer of the cortex,” which shows, using 
Berkley's words, “a few pathological tumefactions on the upper¬ 
most branches of the apices of the apical dendrite. Other¬ 
wise the cell is normal.” This cell was selected from a section 
derived from the brain of an animal poisoned with ricin, death 
having occurred in thirty-six hours. A feature of importance, 
however, is that it is the main, or apical, dendrite—that giving 
off the greatest number of subdivisions—^wliich shows the evi¬ 
dences of engorgement; the extremities of the other dendrites 
are «of thickened, but they show more or less marked evidences 
of engorgement as the main trunk is approached. This ob¬ 
viously suggests that the plasma penetrates the neuron by way 
of the main dendrite and that it finds its way into its col¬ 
laterals cellulipetally; in other words, that, instead of also 
entering these collateral branches by way of their tips, it is 
supplied to them by the main trunk—precisely as if it were 
the main stalk of a plant. Of course, this does not mean that 
the apices of the collaterals may not subsequently show thick¬ 
enings ; being terminals, they- should naturally do so when the 
pressure exceeds a given limit. This feature is illustrated by 
Fig. 2 , especially by the larger stem of the main trunk. This 
‘•ell, a projection-cell from the second layer of the cortex, shows 
'he effects of forty-eight hours' ricin poisoning: ».e., of sorae- 
\rhat more prolonged engorgement. 

Worthy of special notice, also, is the fact emphasized by 
Berkley (referring to Pig.* 2), that: **theTe is now distinct 
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dimmuiion of the gemmulas wherever the Bwellings are foujid'’ 
—^which suggests that these minute ball-tipped projections from 
all collaterals are structurally similar to them, and that, when 
the engorgement exceeds in centrifugal pressure the resistance 
of a given area, the walls of the latter, including the gemmulcs, 
are more or le^ flattened out. Suggestive, likewise, is the tict 
that all the gemmules stand out boldly in both preparations. 
As many as thirty-six or forty-eight hours having elapsed be¬ 
fore death ensued, the animals were evidently submitted to a 
primary period of intense stimulation, during which the gem- 
mules wOTe overdistended to such an extent as to cause them 
to lose their retractile property. Indeed, the sudden cessation 
of adrenal functions and consequent death must have left tlic 
cerebral structures much as if the animals had been suddenly 
killed. 

Of marked interest in Fig. 3 is the presence at the ex¬ 
tremity of the main, or apical, dendrite of a section of what 
appears to me to represent a fiber or capillary from which the 
neuron with which it is connected might have derived its blood- 
supply. The fact that it crosses its path suggests that the den¬ 
drite itself may be a branch of the vessel. Berkley describes 
this neurtm as foUows: ^'Projection-cell of the long apical 
process variety, showing numbers of large swellings of the pro¬ 
toplasm of the apical dendrite, thinning of the protoplasm of 
the stems in the interval between the nodules, and considerable 
loss of &e gemmulse along the margins. The lateral branches 
have mainly disappeared. The basal processes are retained 
intact** 

'Ihe nodules seem to me also- to illustrate the process 
through which the collateral fibers become detached from the 
mairi stem, as shown by the denuded celto represented by Figs. 
4 and 6. The ihinnitig of the plasma between the stems would 
account for the manner in which the lateral branches wre de¬ 
tached, viz.: when the apical dendrite becomes sufiBciaitl.v 
engewged the plasma ceases to circulate in one or more of th<‘ 
noduln, and the intervening protoplasm, failing to be nour¬ 
ished, disintegrates. That the basal processes should be the 
last to yield in this cell (corresponding in this with the condi' 
tion of the same stems in Figs. 1 and 2) seems but normal 
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when w«:^0(ii»i3!Sr pioj^ity not only to the cell-body^ 
uhich a large in^l^ of fibrils, but also to the azis- 

(;\iinder {09. in Ihe drewingl)) which is the (»ily centrifugal 
(iiannel through which the en|orged plasma can escape. 

A feature of the cdls shown by Figs. 1, 2, and 3 which 
filrikingly linka them to the fdrenal phenomena brought on by 
toxics in the general oi^aniapi. is the fact that, althou^ they 
tuc deriv^ from animals in;^hich the doses of ricin injected 
were reduced with each animal* the morbid phenomena as ex¬ 
emplified by ea ^b q^U £n turn are corresp<mdingly intensified. 
In other words, the adult rabbit represented by Fig. 1 was giren 
Fubcutaneously a dose of 0.5 milligramme, and death occurred 
in thirty-six hours: the cell only shows apical lesions. The 
jiceond adult rabbit was given- the half of the previous dose, 
i.r., 0.260 milligramme, and death occurred in forty-eight hours: 
tlic entire apical dendrite and two of the collaterals are dis¬ 
tinctly involved. The third adult rabbit was given the half 
of the last dose: i.e., 0.125 milligramme, and death occurred 
ill seventy-two hours; the apical dendrite is markedly studded 
with thickenings, and all but two of its collaterals have dis¬ 
appeared. It is, perhaps, unnecessary to lay stress upon the 
fact that this is due to the prolongation of tlie excessive vascular 
tension: i.e., of the time during whidi central vascular con¬ 
traction caused peripheral capillary engorgement. And this 
need not be ascribed only to ricin. Berkley emphasizes this 
assertion when he says: “The poison ricin, whose action is in 
many ways similar to that of many toxalbumins of bacterial 
mtree, is capable of exerting a deep and extensive degenerative 
influence on the protoplasm of the nerve-cells of the brain.” 
And this may further be extended to other toxics, for ho also 
says: “Poisoning with alcohol in cmisiderable doses, continued 
over a moderate time, will produce decided and ascertainable 
lesions of the nutrient structures and nervous elements of the 
'crebrum, very similar in character to the pathological lesions 
IToduced by other more virulent poisons.” We thus have evi- 
'^mce in support of my opinion that poisons capable of causing 
(ongestion of the esrsbrospinal and other nervous tissues do so 
'‘U romag ike blood-pressure and by thus driving the adren~ 
• lidass^laden plasma into their neuroglia and neurons. That the 
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8 ltexi|ttoiu in the elements of the nem^ bo due to li../ 

same oaitrifagal pnesnre that pperailfl in liie capillaries of a.l 
periph^al stractures is obvious. Finally, the fact that phmomena 
witnessed occur under the. influence of congestive poisons affords 
the coniplemental evidence in favor of my contention that a 
Muron is dirsctly connected with the wculation hy one or more 
• of its dendrites, which serve as channels for Itlood-plasma. 

Even the haemorrhages brought on by excessive pr^urc, 
epistaxis, haematemesis, haematuria, etc., are ezemplifled in the 
engorged neuron shown in Figs. 6 and 7, and also from Berk* 
ley's series. The observation of Apdtiiy*s, therefore, that his 
^'cellulipetal neuro-fibrils enter by way of the dendrite, ramify 
and anastomose freely inside the cell-body, and, then reuniting, 
take their exit from the cell by way of the axon," finds its appli¬ 
cation if, as interpreted by myself, his neuro-fibrils are con¬ 
sidered as blood-plasma channels. 

Still, the identity of the fibrils in the cell-body as blood- 
capillaries has so far only been suggested by the fact that they 
are continuous with the plasma-containing axis-cylinder and 
fibrils. While this constitutes strong evidence, the fact that 
they are blood-chaimels can only be determined by ascertaining 
the nature of the procras in which the plasma takes part. This 
may probably be done by inquiring into the composition of a 
neuron’s ground-substance. 

The PuTsioixiaiCAL Chemistry of the Neuron.— What 
is the nature of tlie' ground-substance: i.e., tliat between tiic 
fibrils? After reviewing this subdivision of the general sub¬ 
ject Barker says; “A neuron is made up, like all other cells, 
of nucleus and protoplasm. In the latter a centrosome and 
an attraction-sphere are present; at least it has been dem¬ 
onstrated in a certain number of ncrve-cclls. The protoplas¬ 
mic portion of the cell can be roughly divided into a periph¬ 
eral exoplasmic portion and a central endoplasmic portion. 
In neurons, as in muscle-cells, though less distinct in the 
former than in the latter, there is a tendency to a fibrillary 
structure, the flbrills tending to occur in the peripheral ex- 
oplasmic portion of both nerve- and muscle- cells rather than 
in the endoplasmic portion of the protoplasm. In both exo- 
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jiiasm and endoplasm .tiiexe can be made out in tissues wliicb 
li.ive been fixed » more or less homogeneous ground-substance 
ii, which are deposited larger and smaller masses of a gran¬ 
ular nature. The ground-substance corresponds in tissues 
lived with alcohol and stained by the methods of Nissl and Held 
lo the *unstainable substance’ of Nissl, and the masses of gran¬ 
ules to the ^stainable substance’ of Ni^l and the pigment. 

‘"The ^stainable substance’ of Nissl in healthy animals of 
tlie same age and species, with the same method of fixing and 
staining, is tolerably constant in appearance and arrangement 
in the cell-bodies and dendrites of the same group- of nerve- 
cells: a fact of extreme importance for nerve-anatomy and 
pathology. The axons appear to be entirely devoid of tlic 
‘stainable substance* of Nissl. Whether the stainablc sub¬ 
stances represent bodies precipitated from solution through the 
action of reagents or bodies pre-existent, though invisible, first 
brought into view through ilie action of fixing or staining re¬ 
agents in the hardened tissues, in cither case they appear to 
yield the chemical tests characteristic of the group of nucleo- 
albumins. Whether the staining reaction characteristic of the 
stainable substance depends upon chemical relations or upon 
purely physical conditions must, for the present, remain un¬ 
decided. 

“The Sustainable portion’ of the cell-body,—^that ■ is, the 
ground-substance,—though probably functionally mudi more 
important than the stainable, is not so well understood; its 
nature and structure are still as obscure as those of protoplasm 
in general.” Still, the link with features previously brought 
out by our analysis now seems within reach. 

Held has maintained that the stainable Nissl bodies repre¬ 
sent, simply substances precipitated from solution by the action 
of fixing mixtures; Fischer was led to tlie same conclusion. 
Barker says, in this connection, that he repeatedly convinced 
himself of the homogeneous appearanco of the protoplasm of tlie 
nerve-cell when it is examined immediately after the removal 
from the living body. Tliat the ground-substance is homo¬ 
geneous, and that the unstainable portion is a product of dis¬ 
sociation of some of its constituents, are therefore probable. 
But the stainable portion w'c have seen has yielded the chemical 
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tests "characteristie of the group of nuclco-albuiuins.” We si ,< 
not, therefore, dealing with the group of nitrogenous fats i. 
which lecithin, the main constituent of myelin, belongs, Ijm 
with what probably represents, not a mere artifact, but an ii,- 
dividual constituent which is precipitated by the fixing ini.\;- 
ures. Tt is important to determine, therefore, the exact n;i- 
tiirc of tlie A'issl “bodies,” and perliaps by a process of exclusion 
ascei'tain that of the unstainalde substance. 

“Held,’’ says Professor Barker, “undertook a most careful 
and exact cliemieal study of tlie granules in alcohol tissues, 
'riius, he found that the Nissl bodies are insoluble in diliili’ 
and concentrated mineral acids, in acetic acid, boiling alcohol, 
cold or boiling ether, and in chloroform. On the other hand, 
they arc easily soluble in dilute and concentrated alkalies. 
AVith pepsin and hydrochloric-acid digestion lie found that the 
ground-mass of the ])rotoplasni vanished and that the XissI 
bodies alone remained undigested: the revei*ae of what occurred 
on treatment with an alkali. The Nissl bodies yielded no reac¬ 
tion with Jdilion’s or Adamkiewicz’s reagent. Held obtained, 
however, slightly positive results with Lilienfeld and IVlontiV 
microcheniieal test for phosphorus, and a considerable quantity 
of the gray matter of the spinal niarroAV after digestion with 
pepsin and hydrochloric acid examined by Siegfried, of the 
physiological laboratory of Leipzig, sliowed the presence of 
phosphorus. TTeld concludes, hou'cvcr, from these various re¬ 
actions, that the Xissl bodies belong to the group of the nuclco- 
albumins: a view which agrees with the investigations of 
Halliburton, who found in the gray matter a nuclco-albumin 
Avhich coagulated at from .'io*’ to 00° and which contained 
as much as 0.5 per cent, of phosphorus*’ 

The large jiroportion of phosphorus furtlicr sustains the 
preponderating role that the oxygen of the plasma must play 
in the neuron, owing to the activily of the reaction hctwecii 
these two elements. It also indicates a close relationship be¬ 
tween the neuron and all other cellular structures of tlie oi- 
ganism. Thus, referring to Held, Barker says: “Ho asserts 
that in numerous experiments with his method (fomol freez¬ 
ing) he has found in the most different orga^is constituents of 
the cell-body which behave not only tinetorially, but also mor- 
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ilologically, exactly as tlic siaiitable subsUiure in iiorvc-cclls. . 
!e described them in jf/rt/id-colls, Zii'cr-i-ells, in cells of the 
. increas, in the cells of some sarcomatous tumors, in certain 
iiiinectivc-tissuc cells, but especially in normal and ]>atbological 
limph-ylands. (’ajal^* also asserts that the stainable substance 
i»r Nissl is not specific for the nerve-cells, as he has demon¬ 
strated its presence in coilain of the leucorylcs and of the con¬ 
ned ire-iissue demruls/' Nissl's bodies a|)pear to me, tliercfore. 
as constituting an organized com])oiient of the ground-sub- 
stance of the neuron, a nucleo-albumin rich in phosphorus, 
which, judging from its similarity to a large number of cellular 
structures elsewhere in the organism, reprcsi'iils the ccllslnict- 
lire itself, jireeisely as is tlie hepatic cell Avhen free from glyct)- 
gen, bile, or the agencies from which these are derived. It is 
to the neuron what the neurilemma, ^rauthner's sheath, etc., 
are to the inteniodal segment of a nerve, and includes—as 
does the protoplasmic membrane of Sebwaiin—tbe nuclcolated 
nucleus. 

The unstninable portion must be the e«iuivalent of myelin: 
the white substance of Schwann. We have seen that this is 
also unstainable. Even picrocarmine does not stain it, and 
Ibinvicr states that the axis-cylinder becomes stained at the 
nodes because there is no myelin in this region of tbe nerve. 
'I'he similarity between myelin of the nerves and that of tbe 
cerebi-o-spinal system is emphasized by Eoster when he says: 
‘■Obviously the fat of the white matter of tbe central nervous 
system and of spinal nerves (of which fat by far tbe greater part 
must exist in the medulla, and for nearly the whole of the 
medulla) is a veiy complex body indeed, especially so if the 
cholestcrin exists in combination with the lecithin, or ccrcbrin 
(or protagon). Being so complex, it is naturally very unstable, 
and, indeed, in its stability rescndiles jiroteid matter.” This 
also suggests, however, that prohigon, a nitrogenous body con- 
laining phosphorus isolated by 1/iebreich from brain-substance, 
may be the unstainable substance we are seeking. IloppC'Sey- 
ler and Diakonoff, having found it to be comjioscd of lecithin 
and ccrcbrin, the direct connection with the former is not re- 


**CaJal: RevIsta trlraest. mlrroKraOpa, vol. I, No. 1, Mareh, 1896. 
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moved. Protagon readily breaks up into its constituents. 
Howell states that, 'Vhile protagon seems to be regarded as 
the principal form in which lecithin occurs in the brain, simple 
lecitiiin is believed to be present in the nerves and other or¬ 
gans,” and he refers to Noll," who found “the quantity of 
protagon in the spinal cord may amount to 25 per cent, of 
the dry solids; in the brain, to 22 per cent; and in the sciatic 
nerve, to 7.5 per cent.” That it is difficult to analyze this 
question is suggested by his closing remark: “Regarding the 
synthesis of lecithin in the body, or the physiological im¬ 
portance of the substance, nothing is known.” We have seen 
the important rdle that it probably plays as myelin; its pres¬ 
ence in such large quantities, as a constituent of proti^on, in 
the cerebro-spinal system plainly points to it as of the unstain- 
able ground-substance of the neuron. 

What is the rdle of cerebrin, which, with lecithin, forms 
protagon, and from which it is readily separated? In a study 
of the chemistry of nerve-degeneration Halliburton and Mott" 
refer to the fact that they had previously shown that in general 
paralysis of the insane “the marked degeneration that occurs 
in the brain is accompanied by the passing of products of de¬ 
generation into the spinal fluid. Of these,” says the authors, 
“nucleo-proteid and cholin are those which can be most readily 
detected. Cholin can also be found in the blood.” Having 
continued this work, they now And “that this is not peculiar 
to the disease just mentioned, but that in various other de¬ 
generative nervous diseases (combined sclerosis, disseminated 
sclerosis, alcoholic neuritis, beriberi) cholin can be also de¬ 
tected in the blood.” The tests that they employed were 
mainly two: (1) “the obtaining of the characteristic octahedral 
crystals of the platinum double salt from the alcoholic extract 
of the blood”; (2) a physiological test—and a very interesting 
one, I may add, if the functions of tlie adraial system 
are included in the process, namely: “the lowering of blood- 
pressure,” which the authors consider as “partly cardiac in 
origin and partly due to dilation of peripheral vessels,” and 


^Noll: Zdtaehrift fflr phjwlol. Cbomle, Bd. zzrll. 8. nO, UM. 
^■lUUIburtOB and Mott: Journal of Fhralolonr, Feb. 18, IMU. 
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‘‘which a saline solution of the residue of the alcoholic extract 
produces.” This fall “is abolished/’ they further state, “if the 
animal has been atropinized.” I may incidentally remark 
that these few lines embody the pathogenesis of most neuroses 
attended with degeneration, viewed from my standpoint, since 
we have here the phenomena incident upon arrest of function, 
auto-intoxication, and toxic suprarenal insufiiciency. But di¬ 
rectly bearing upon tlie subject in point is the evident iden¬ 
tity of cholin as a product of degeneration. It “has its source 
in lecithin decomposition- and putrefaction,” says Howell. 
But it is likewise, as we have seen, a waste-product of normal 
nervous-tissue metabolism, being eliminated with the bile in a 
modified form. That cerehrin is also a product of putrefaction 
and of physiological metabolism is suggested by two facts: it 
is found in pus-corpuscles and its formula and that of cholin 
present considerable analogy. Even taking as standard that 
furnished by II. Muller, which has given rise to considerable 
controversy, cerebrin is C^HjiaNDs, while cholin is CaHijNOj. 
Lecithin, therefore, becomes the functional ground-substance of 
the cell-body of the neuron, just as it is in the nerve. Both in 
the neuron and its continuation, the nerve, therefore, the vascular 
fibrils carry blood-plasma, which, by passing through their walls, 
maintains a continuous reaction, of which the phosphorus of 
the lecithin and the oxygen of the blood-plasma are main re¬ 
agents and chemical energy the end-result. The relationship 
between the vascular fibrils and the ground-substance, nucleus, 
etc., is well shown in the engraving on page 558. 

But lecithin, though a useful product of metabolism, re¬ 
quires in its formation the aid of protoplasmic function, as 
does, in the muscle, the elaboration of myosinogen. In the 
cell-body this is probably performed, we have seen, by structures 
which the Nissl bodies, as nucleo albumins, represent. Indeed, 
in a study of the action of fixatives upon protoplasm Hardy 
found*’ that, “when a soluble colloid is fixed by the action of 
a fixing reagent, it acquire a comparatively coarse structure 
in the process, which differs wholly or in part from the struct¬ 
ure of the soluble colloid.” Again, that these protoplasmic 


^'Ibrdr: Journal of Phyalologr, May U, ISM. 
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The motor coif from the Tontrol bom of the apliua cord, tocethw 
with all Ito protophuBBlo proeeeoeo ond their dlTlatona, Its mda-cjrllBder 
prooeaa with Its dlTMona, olde-Uhrlhi or ooUiUerala, and end-ramlilea'- 
tiOBS (telodandriona, or motor end-platea) In the muaeto repreaeiit parts 
of a single esu or MsroM. n'. Nucleolus, e, Qrtoplasm showing the dark 
colored NiasI bodies and lighter ground-substance. 4, Frotoplasinie proa- 
eases (dendrites) oonuining Nlssl bodies. (Barker.) 
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structures are supplied by a vascular net-work similar to tliat 
of other cellular structures is shown by the observations of 
Ap&thy, who took them for nerve-fibrils. Barker, referring 
io this featurd of his investigations, says: ^^As to tiie relations 
of the neuro-fibrils to sensory surfaces, on the one hand, and 
.iiuBcular tissue, on the other, Ap&thy makes very definite 
statements, especially in the last diapter of his article. A 
neuro-fibril entering the cytoplasm of an epithelial cell of a 
sensory surface in the leech breaks up (very much as in a 
gaiiglion-ccll) into a finer reticulum composed of the elementary 
fibrils. A large number of the constituent fibrils, however, 
perhaps the majority, leave the cell in order to take part in 
tiie formation of a complicated interepitUelial fibril-plexus.” 
Neuron and nerve, therefore, appear to be similar to other 
organs as functional entities and to be subject to the same laws, 
including the circulation through &cm of adrenoxidase. 

This explains for the first time why tetanotoxiii was found 
in the nerves by Bruschettini, Marie and others and why, in 
fact, as shown by Marie and Morax (sec p. 1441), tetanotoxin, 
injected into the tissues, enters and ascends the axis-cylinders 
of nerves—an observation confirmed by Meyer and Hansom. 

The role of the blood-plasma seems so clearly defined in the 
foregoing analysis that I deem it permissible to conclude that 
all parts of a neuron — cell-body, dendrites, neuraxon or axis- 
cylinder—are channels for adrenoxidase-laden blood-plasma. 

Since I tlius pointed out in 1903, that the adrenal secretion, 
converted into adrenoxidase, circulated in the nerves and nerve- 
cells, Lichwitz"* found that in the frog “adrenalin traveled 
from the lower extremities to the upper, when these were only 
connected by nerves,” thus confirming my observation. 

Are dendrites provided, as are tlie cell-body and the axis- 
cylinder, with myelin? We have seen that, as steted by Barker, 
“the stainable substance of Nisei in healthy animals of the 
same age and species, with the same method of fixing and 
staining, is tolerably constant in appearance and arrangement 
in the celt-bodies and dendrites of the same group of nerve-cells.” 
He also states that “the axons appear to be entirely devoid of 
tbe stainable substance of Nissl”; btit Berkley,^* referrifig to 


«» Uchwlti: 
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the nerre-fiber tenninals which are extensions of the axon, 
writes: **The researches of Flechsig, as well as my own, have* 
shown that these fine brandies are furnished with a thin layer 
of myelin nearly to their termination." As this refers to intra¬ 
cerebral nerve-fibers, I am brought to conclude that the entire 
nervous system is built upon the same plan: i.e., of fibrils con¬ 
taining blood-plasma, surrounded .by a layer of myelin. The 
main constituents of these bodies, the oxygen of the plasma and 
the phosphorus of the myelin, are thus brought into contact, 
and nervous energy is liberated. 

All tiiis seems to me confirmed by tlic manner in which 
many, now paradoxical, phenomena are accounted for:— 

The production of nervous energy, not only by the neuron, 
but also by the neural myelin, confirms the “avalanche” theory 
of Pfiiiger, which, though at first combated by Marey, was 
sustained by the latter after a series of experiments. Pfiiiger 
held that nervous excitation increased along the length of 
motor nerves: a view which strongly sustains my conclusion. 
Bichet found also that excitation of a sensory nerve was more 
intense when transmitted from the periphery than when ex¬ 
citation was applied to a part of the nerve nearer to its center 
(Duval). It is evident, therefore, that an accumulation of 
energy takes place in sensory as well as in motor nerves. 

My views are also sustained by the evidence afforded by 
nerve-degeneration. Quoting Turck’s conception, Professor 
Barker refers to the Wallerian.doctrine as follows: “Convert¬ 
ing the Wallerian doctrine into terms of the neuron concept, 
the following law may be laid down: When it has suffered 
a solution of continuity, severing its connection with the cell- 
body and dendrites of the neuron to which it belongs, the axon, 
together with tiie myelin sheath covering it, undergoes in the 
part distal to the lesion acute and complete degeneration. This 
degeneration includes, not only the main axon, but also its 
terminals, together with tiie collaterals and their terminals 
connected with it.” 

If tlie gradual increase of energy along the nerve, or 
“avalanche” just referred to, is considered os a factor of the func¬ 
tion and the sum-total of tTie energy utilized and is interpreted as 
made up of neuron energy plus gradually increased nerve-energy. 
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the following main facts connected with nerve^egeneration 
.•teem to me to find their explanation:— 

Section of a motor nerve will cause degeneration of the 
peripheral fragment, and atrophy of the muscles supplied by it. 
I have emphasized the functional importance of a continuous 
supply of nervous energy, both upon the vascular end cellular 
elements of any organ. 

There is no degeneration of the upper, or proximal, frag¬ 
ment, however, except as far as the first llanvier node. This 
has been ascribed to traumatism, but we can readily understand 
now that section through an internodal segment destroys the 
mechanism of that segment, the supply of oxidizing substance 
failing to reach the myelin through the fibrils and their 
canaliculi. Its nutritional or ^^passive” function is thus ar¬ 
rested. 

That the nerve and even its neuron require some of their 
own energy to permanently sustain their own life, as empha¬ 
sized by Marinesco," especially when long stretches of nerve are 
involved, is shown by tlie fact that if the scat of its ultimate 
distribution is destroyed,—a muscle, for instance,—or if it is 
disconnected from the latter, the nerve may, as sometimes 
occurs after amputations and peripheral neuritis, degenerate, 
and the process extend up to and include the cornual cell. 
That this does not always occur is doubtless due to the fact 
that the subdivisions of a nerve all contribute to the main¬ 
tenance of its life, and that the chances that degeneration of 
a long nerve will occur are proportionate to the number of 
branches it supplies in its course. 

The sensory nerves show the same attributes, but, of 
course,' in a reversed direction. Section of the posterior root 
above a ganglion is followed by degeneration of the dorsal 
stump, which may include the extension into the cord. Am¬ 
putation sometimes causes not only atrophy of the peripheral 
fibers, but also of the ganglion-cells and their prolongations 
in the columns. “The living muscle seems so organized that 
without nervous stimiilation it can no more live than can the 
tropical animal without warmth or the rose without water,” 


**Marin«ioo: Neurol. CentrulU.. BS. xl, 1892. 
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sayB Morel. Hov true ibis u is emphaeized by tbe precaution 
Nature takes to nouri^ tbe nerve tbrougbout its entire length 
and thus to insure tbe conversion of the chemical energy con¬ 
tained in its myelin and tbe plasma into nervous energy. 

The Minute Ciboulation of the Cbbebbohspinal Sub¬ 
stance. —Such a circulation as that I suggest by this title is 
not thought to exist. Both in tbe central ganglionic and in 
the cortical arterial systems the arteries are now believed to 
be “terminal”: i.e., to neither supply nor receive any anas¬ 
tomotic branch. They penetrate the cerebral substance to 
terminate there. The veins are similarly disposed. Deprived 
of valves and muscular tissue, they are likewise considered os 
“terminal” in the sense attributed to that word in respect to 
the arteries: a normal outcome of the absence of connection 
with the latter as supposedly indicated by the impediment 
presented to the injection of fluids in them. And yet, how 
does the blood, with its corpuscles, find its way from the ar¬ 
teries to the veins? Does it filtrate through the arterial walls, 
find its way through the lymph-spaces to the venous walls, 
add reach the sinusee? Of course, we have elsewhere in tiie 
organism both the effusion of plauna and the emigration 
of corpuscle through vascular walls; but this is a process of 
a different kind, and for which the blood-stream only plays 
the part of purveyor; it represents the main factor of a repara¬ 
tive and protective function, of which, indeed, the cerebro¬ 
spinal system is a prominent beneficiary when need be. There 
is a wide margin, however, between this process and the mech¬ 
anism of circulation, which includes channels b^inning at the 
heart and ending in this organ, and having for its purpose, not 
only to cany oxyg^ to aU parts of the oi^nism, but also to 
rapidly remove blood as fast as its oxygen-ratio is being re¬ 
duced. ^^erminal” vessels do not satisfy this sine qua non 
of perfect metabolism in the cerebro-spinal system, notwith¬ 
standing the presence in the superficial structures of more or 
lees dose capillary net-works. Indeed, the very presence of 
these capillaries seems to me to point to these deeper “ter¬ 
minals’* as incongruities. 

. The marked evidences of engorgement so fypically shown 
by Berkley’s illustration^ and to whidi I have referred, are 
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characterized by a Buggestive feature: i.e., they occur, aa far 
as the neuroglia ia concerned, in the elements adjoinii^ the 
blood-veaselB or connected witii thm. Thus, Berkley writes: 
<‘In the silver sUdes the support elements proper, so far as the 
stain shows, present no variationa from the control, but, on the 
other hand, the vascular neuroglia gives iudication that altera¬ 
tions are taking place within its structure, and show consid¬ 
erable variations from control preparations. The cell-bodies 
are larger, the protoplasmic extensions are thick and knotty, 
and the arms extending toward neighboring vessels are more 
prominent than in the normal.” As ‘*the capillaries, like the 
intermediary vessels, are tortuous and twisted,”—evidence of 
intense engorgement, further emphasized by the ‘‘closely 
packed” white blood-corpuscles found in the vascular lumen, 
—^it semns but logical that the engorged capillary and the en¬ 
gorged neuroglia-fibers should be continuous; otherwise the 
latter neuroglia swelling worild remain unaccounted for. 

Beferring to the spinal cord, Berdal"® states that “the 
moment the blood-vessels penetrate into the cord they become 
covered, on a level with the perimedullary neuroglia layer, with 
a coating of neuroglia, which follows them tliroughout all their 
ramifications and accompanies them along their entire course.” 
Such a coating over cerebral capillaries would readily account 
for the engorgement of both structures to which we have just 
referred, since the channel, notwithstanding the alteration in 
its external aspect owing to the assumption of an extra coat, 
would, after all, be continuous. That such is the case is sus¬ 
tained by the fact that in what has been termed “chronic 
ependymitis”—doubtless a condition in which the layer of neu¬ 
roglia becomes permanently engorged—a marked thickening of 
the tissue occurs (0. Israel). The increase of blood in the 
neuroglia-fibers which this morbid condition involves not only 
coincides with the swellings observed by Berkley after various 
forms of poisoning, but it is accounted for by the fact that 
ependymal neuroglia-<»llB were found by Marchi to send “a 
centrd extension which penetrates into the optic thalamus, 
where it subdivide to become fixed upon the walls of the bloods 
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veutiUf’ (Berdal). This recalls the interMting feature in Fig. 
3 of the plate opposite page 650. In. the projectian-cdl repre¬ 
sented the extremity of the long and irregularly-swollen apical 
process is also connected with the wall of what must be a 
diminutive blood'channd, if plasma is at all the cause of the 
cellular engorgement. Again, the neuroglia-cell, shown below, 
copied from an article by Andriezen, to which I will presently 
refer,*^ may be seen to be directly attached to a vessd. Indeed, 
we have Ciolgi’s own testimony to the effect that some of the 
protoplasmic extensions of the nerve-cell are attached to neu¬ 
roglia-fibers and to blood-vessels. 



Flo. L—'"A P1IOTOPI.AB11IC OLIA-CBU. PROM A HUMAM BBAIir 
(FiBBT hAim or CoRTnc).” (AndHam.) 

The manner in which the neuroglia-<»lls and their fibers 
are connected with blood-vessels suggests that they are essen¬ 
tially different structurally, the neuroglia-elementa being, not 
branches or subdivisions of the vascular system, but nervous 
structures which, at a given time during embryological devel- 
opment> became affixed to the vascular walls. This is sustained 
by the fact that neuroglia is, like all nervous elements, of epi- 
blastic origin. Again, there is considerable analogy between 
nerve- and neuroglia- fibers. Foster emphasizes this fact when 
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he 8aj8: ^^Since the nerve-filaments, like the neuroglia-fibers, 
are very fine, and take, like than, an irregular course, it often 
becomes very difficult in a section to determine exactly which 
is neuroglia and which are nervous elements.” 

What is the rdle of the neuroglia and how is it functionally 
related to the true nervous elements? Suggestive, in this con¬ 
nection, are the following lines of Professor Poster’s: “A 
medttllated nerve-fiber of the white matter of the spinal cord 
resembles a medullated nerve-fiber of a nerve in being com¬ 
posed of an axis-cylinder and a medulla; but it possesses no 
primitive sheath or neurilemma. This is absent^ and, indeed, 
is not wanted; the tubular sheath of neuroglia affords, in the 
spinal cord (and, as we shall see, in the central nervous system 
generally), the support which in nervM is afforded by the 
neurilemma**^* This shows conclusively that for a certain dis¬ 
tance, at least, the neuroglia-sheath and tiie myelin act as coats 
for the one axis-cylinder: i.e., for the fibrils containing blood- 
plasma. But we have seen that myelin is not the passive in¬ 
sulating substance that it is now thought to be; if my views 
are sound, it represents one of the two most important factors 
of nerve-composition, and, indeed, the main source of nervous 
energy. In modifying the accepted view concerning its func¬ 
tions, however, I have eliminated its rdle as insulating layer, 
leaving nothing but the neurilemma, or external, tubular in¬ 
vesting sheath, for the protection and insulation of the battery 
elements,” as it were, the myelin and its oxidizing plasma. It 
is, therefore, ^is protective and insulating sheath that the neu¬ 
roglia replaces in the white substance of the cord and in "the 
central nervous system generally”: t.c., wherever the myelin 
and its inclosed blood-plasma are present in the cerebro-spinal 
axis. 

We have seen that, according to Barker, and as shown by 
the researches of Plechsig and Berkley, the dendrites of neu¬ 
rons are furnished with a thin layer of myelin nearly to their 
termination; while I have shown,—amclusively, I now be¬ 
lieve—^that their central canal contains blood-plasma. We have 
precisely, therefore, the structure of a nerve, minus its neu- 
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Tilemma. Indeed, the similarity even extends to the subdivision 
of the dendritic central canal into fibiil^ for Berdal says, re¬ 
ferring to the dendrites: **These prolongations seem striated 
longitudinally as is the cell, and appear to be composed of 
fascicles of fibrils which are continuous with those of tlie cellu¬ 
lar body.** A single structure is missing, however, that which, 
we have just seen, is represented by the neuroglia in cerebro¬ 
spinal nervous elements: i.e., the neurilemma. Obviously, the 
absence of a protective insulating sheath around the cell-body 
of the neuron and its extensions, considering their function^ 
importance as generators of nervous energy, becomes absolutely 
incompatible with existing conditions, since the myelin would 
thus be exposed externally. Indeed, that the cell-body and its 
dendrites are supplied with an external sheath is shown by the 
following lines of Berkley’s”*: "Around the body of the cell 
we find an insulating mass of fluid contained in the pericellular 
lymph-sat^ and as a (»psule to the sac there appears a slight 
condaisation of the tisrae at this point that would take the 
place of a retaining membrane. This membrane apparently 
terminates where the first of the gemmulss are thrown off from 
the ascending portion of the primordial process, and likewise 
at the location where the first buds appear on the basal den¬ 
drites. Does the insulating fluid and covering really end at 
this point? In absolute-alcohol sections of the.cort^ of the 
cerebellum taken parallel with the surface and stained with 
the anilines, particularly the blue-blacky it is quite readily 
demonstrable that the thin membrane, which is now undoubt¬ 
edly composed of fine glia-filaments, does not really cease at this 
point, but becomes attenuated, and continues to ascend and 
cover the protoplasmic prolongaiione of the cell.” This plainly 
shows that the cell-body of the neuron and its dendrites are sup¬ 
plied with a coving which is to them what the neurilemma is 
to nerve-fibers: this covering is similar to that investing these 
nerve-fibers: i.e., a sheath of neuroglia. 

Tlus only affords, however, information concerning the 
-nenrpglia supplied to the neuron per se, and to the stmetuzM 
adiich the axons become a short distance below the cell: is.. 
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uerres. But we have still to study an important qu^on: 
the identity of Hie intermediary ^rils of neurogli^important 
in the sense that it has a certain bearing upon the concordance 
between the older views of Gerlach and the modem observa¬ 
tions and conclusions of Golgi. Indeed, if the entire cerebro¬ 
spinal axis is made up (as far as tme nervous elements go) of 
these medullated glia-covered nerve-fibers and dendrites, wo 
may well conclude with Gerlach that nerve-cells are united by 
an intricate net-work of ezHemely delicate nerve-fibrils. If, 
on the other hand, the cdl'body, its dendrites, and its axon 
are alone medullated and glia- or neurilemma- covered, the 
connection with the vascular system being established by non- 
medullaied fibrils, I am in accord with Golgi, who denies the 
existence of any connecticm through nervous structares between 
neurons. 

That GoIgi^s view prevailB is suggested—-provided my own 
view that fibrils are plasma-channels is accepted—by the fol¬ 
lowing lines by Professor Poster: **The larger part of the gray 
matter consists, besidra a neuroglia supporting the nervous 
elements, of nerve-filaments running in various directions and 
forming, not a plexus properly so called, but an interlacement 
of extreme complexity.” If the italicized words *'nerve-fila- 
ments” are converted, in accordance with my view, into neu- 
roglia-filtrils, the rest of the quotation will 1^ us to the solu¬ 
tion of the question: ^"These filaments are, on the one hand, 
the fine medullated fibers spoken of above as being recognized 
with difficulty, and, on the other hand, non-medvllated filaments 
ranging from fairly wide and conspicuous naked axis-cylinders 
down to fibrils of extreme tenuity, the latter ariring apparently 
either from the division of axis-cylinders and nerve-fibers pass¬ 
ing into or out of the gray matt^ or from the continued brandl¬ 
ing of the nerve-cells^ 

The solution, it seems to me, lies in the fact that non- 
medullated fibrils exist at all, and that these range frmn fairly 
wide aansrcylinders down to fibrils of extreme tenuity, some of 
which, at least, appear to originate from dendrites. Indeed, 
this indicates that these non-medullated fibrils (of neuroglia, 
as stated by Berkley) represent the continuation of the main, 
or apical, dendrite (or dendrites, for there are often more than 
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(me). Since these neurogliarfibera are deprived of mjelin, tliey 
cBimot serve as sources of nervous energy, and merely repre¬ 
sent, therefore, delicate channels throu^ which blood-plasma, 
obtained by them directly or indirectly from a so-called *'ter- 
minal** capillary, finds its way to the apical, or main, dendrite. 
The conclusion which this imposes seems to me self-evident: 
A neuron is an autonomous organ as a source of nervous energy, 
and if supplied with hlood-pilasma through non-meduttated neu- 
rogliorfihrUs, which are continuous with the external covering of 
its apiad dendrites. 

Are Ap&thy^s fibrils, which, in the leech and earthworm, 
were found by him to penetrate the cell-bodies of neurons, the 
neuroglia-fibrils just studied? Qerlach, Haller, and others have 
also referred to the existence of delicate nervous networks 
, connected with the cells. The mere transformation of these 
fibrils into plasma-channels has enabled me, we have just seen, 
to link tiiem with all the other elements of the function 
studied. In other words, I simply converted the fibrils into 
neuroglia blood-channels and found them to satisfy the require¬ 
ments of the latter. Ap&thy found that a neuro-fibril passed 
out of **a process of a nerve-celP: there is no fibril other than 
the neuroglia-fiber that is continuous with the apical dendrite 
that this neuro-fibril could represent. The neuro-fibril was 
found by Ap4thy to be composed of "elementary fibrils”: we 
have seen that this is precisely the arrangement within the 
neuroglia-fibers. He stat^ that in their course "elementary 
fibrills are being given off at short intervals, until finally the 
neuro-fibril itself may be reduced to a single elementary fibril”: 
I have quoted the statement of Professor Foster’s that, as 
regards the "fibrils of extreme tenuity,”—those^ we found to 
act as neuroglia neurilemma,-—they arose "apparently from 
the division of axis-cylinders.” Finally, the neuro-fibrils, after 
frMly anastomosing in the cell-body (having entered by way 
of the dendrite), are stated ‘Ho take their exit by way of the 
axon.” This semns to me to indicate clearly, in edition to 
the evidence adduced in the foregoing pag^, that Ap&th^s 
neuro-fibrils and the various net-worJes thought to he composed 
of nerve-fibers by Oerlad^, Oolgi, B. Haller, and others represent 
the one and same -system of neuroglia^fibrils, some of whu^ 
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contain myelin and blood-plasma and may, therefore, he con- 
»idered as nerves, while others only conMn plasma and are, 
therefore, blood-channels. 

Under these circumstances, are the aboTementioned in* 
vestigators not justified in considering the net-works referred 
to as nervous structures? They would be justified in doing so, 
did all the neuroglia-fibrils contain myelin; but it is the ab¬ 
sence of this compound in the fibrils that serve as channels for 
plasma between blood-vessels and the apical dendrites of the 
neuron which seems to me to neutralize their view. Were there 
any evidence that a medullated fiber of any kind connects any 
portion of the cell with another structure capable of converting 
chemical energy into nervous energy, the question would re¬ 
main an open one; but such is not the case; the absence of 
myelin in the neuroglia-fibrils connecting the neuron with the 
source of its blood'supply seems to point distinctly to the need 
of its absolute isolation, not only to avoid the promiscuous dis¬ 
persion of the nervous energy it is able to produce, but also 
to enable it to store this energy and to direct it in the physio¬ 
logical paths. 

The presence of the non-meduUated fibers among the 
cerebro-spinal nervous elements becomes evident when the 
structural difference between the gray matter and the white 
matter is interpreted from the standpoint of my view. “Owing 
to the relative abundance of white refractive medulla,*^ says 
Prof«)sor Foster, “the white matter possesses in fresh speci¬ 
mens a characteristic opaque white color; hence the name.*' 
• . . “In transverse sections of the cord nearly the whole of 
the white matter appears, under the microscope, to be com¬ 
posed of minute circles, the transverse sections of the longi¬ 
tudinally-disposed fibers.” . . . “The gray matter, from 
the relative scantiness of medulla, has no such opaque-whiteness, 
is much more transtuceni, and, in fr^ specimens, has a gray 
or rather pinkish-gnj color, reddish tint being due to the 
presence partly of pigment and partly of blood, for the blood¬ 
vessels are much more abundant in the gray matter than in 
the white.” That in. the cerebral cortex, for instance, these 
▼assels should represent the starting-point of the neuroglia non- 
medullary fibrils needs hardly to be emphasized. Thqr are now 
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temed "tenninal,** but their appearance as each is readily 
accounted for by the fact that here, as in the cord, ihqr are 
said to be imbedded in neuroglia, whereas, in reality, the latter, 
composed, as it is, of a mass of diminutive fibrils, is directly 
affixed to the vessel, acting precisely as would a multitude of 
minute subdivisions of the vessel itself. Each fibril (in which 
the blood-stream is so slender that it only appears ^'pinkish” 
through its translucent covering) is, in fact, a composite coun¬ 
terpart of the ependymal fibril and other neurogl^ structures 
to which I have referred. In other words, each neuroglia- 
fibril is affixed to the wall of the-vessel either directly or through 
the intermediary of a neurogliorcell, and therefrom extends to 
the main, or apical, dendrite, or dendrites, of some neuron. In 
addition, however, this enables me to conclude that a neuron 
receives its nutrition and its oxidising substance direcUy from 
the genercd circulation, and that the blood which enters by way 
of the apical dmdrites is distributed to the free dendrites and 
to the celUbody. 

A question suggests itsdf in this connection, however, viz.: 
How does the blood in the collaterals return to the main den¬ 
drite to find its way with the letter’s blood into the cell-body? 
This appears to me to find its explanation in the following 
(already quoted) sentence, in which Berkley describes the cell- 
body : "Around the body of the cell we find an insulating mass 
of fluid contained in the pericellular lymph-sac, and as a capsule 
to the sac there appears a slight condensation of the tissue at 
this point, that would take the place of a retaining membrane." 
The retaining membrane is doubtless the neuroglia covering 
of the collateral, as it is of the entire cell; underneath, there¬ 
fore, is the lymph-sac—which I consider as a plasmarsac. But 
we have seen that Hechsig and Berkley’s researches have shown 
that these "fine branches are furnished with a thin layer of 
myelin nearly to their termination.” That this myelin must, 
as elsewhere, be supported by the neuroglia covering and in 
contact with it is evident: a feature which relegates the plasma 
toward the center, though in contact with the myelin. If we 
now recall the fact that fibrils have also been discerned even 
in these delicate collaterals, it becomes a question whether they 
serve to transmit plasma, centrifugally or centripetally. As 
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Berkley’s experiments have shown that they become the seat 
of BwdlingB under the influence of poisons, there must he no 
escape for fluids through their vails; indeed, gemmulation 
would become impossible were the centrifugal pressure neces> 
sary counteracted by the racape of the plasma into lymph- 
spaces. That the blood returns toward the cell-body and 
through some of the central fibrils is therefore probable. Un¬ 
der these conditicaiB I can submit, as a working proposition, 
that the plasma which enters the collaterals is returned to the 
apical dendrite, and to the cell-body with the blood of the latter. 
The blood of the cell-body ^en passes out through the axon. 

How does tihe blood leave &e axon of the neuron in the 
substance of the brain and cord? This question plainly re¬ 
solves itself into the following: How does the blood reach the 
veins from the axon? ^*The perivascular lymphatics . . . 
are especially found in connection with the vessels of the brain” 
says Gray”*; **the 80 vessels are inclosed in a sheath which acts 
as a lymphatic channel, through which the lymph is carried to 
the subarachnoid and subdural spaces, from which it is returned 
to the general circulation.” This familiar fact would be un¬ 
explainable after the views 1 have advanced concerning the 
circulaticm of arterial blood were the return of blood to the 
veins not the purpose of the lymphatic sheaths, for the same 
authority states that lymphatic vessels “have not at present 
[1901] been demonstrated in the dura mater or the substance 
of the brain.” Again, when we consider that perineural, as 
well as perivascular, spaces exist, we are brought to realize that 
by linlnTig the axon of a neuron to a venule, with a lymphatic 
space aa intermediary, we have the elements of a mechanism 
which not only ntilizra structures that are known to be present 
in the cerebro-spinal axis, but which also satisfy the needs of 
the function. Finally, if an axon is itself buried (up to the 
neck of its bulbous terminals) in a perineural sheath, which in 
turn communicates with a vein through stomata, as is the case 
in nervra, the blood of the axon is provided with a clear path 
to the general blood-stream. 

That the blood of the neuron is eliminated as it is in other 
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nerroiu etractures— via the axon—^is evident; but do lymph- 
spaces conn^^d with veins actually receive this blood? Re¬ 
ferring to the effects of acute alcoholic poi8(ming up<m the 
veins, Berkley says; '^Changes in the coats of th^ vessels are 
similar to those in the arterial system, but aggregations of 
dying polynuclear corpuscles are more frequent, and are by far 
the most striking feature both of their contents and surround¬ 
ings. These aggregations, which may vary from three or four 
to a dozen or more, are located both within and without the 
lumen of the vessel (especially the smaller ones). Within the 
lumen are collections of white corpuscles filling the interior, 
and numbers are seen penetrating the walls. So vast are the 
collections in the perivenous spaces that the whole cavity is 
occasionally filled, and backward pressure from the plugs and 
compression of the vessel from the outside have attained such 
a height that in a number of instenees the vessel’s walls have 
ruptured and red corpuscles are intermingled with the white 
and fill the space completely.” These features are well illus¬ 
trated in the annexed photographs. The center of Fig. 8 shows 
‘'polynuclear leucocytes in tlie perivascular space of a small 
intermediary vessel compressing its walls,” while Fig. 9 shows 
“leucocytes in the blood in a cross-section of a large vein.” The 
fact that the leucocytes are found in the “perivenous spaces” 
and ‘Within the lumen of the vessel,” coupled with the ob¬ 
servation that they are “seen penetrating the walls,” so clearly 
point to the process involved that the following conclusion 
imposes itsdf: The blood (we have seen that even red corpus¬ 
cles are present) of the axon evidently finds its way into a lymph- 
space connected with a vein, thence to the genered circulation. 

Still, there is a feature of the whole process which requires 
elucidation. Why should the veins, which, of course, com¬ 
municate with cliannels through which the blood can be freely 
evacuated, become engorged under the influence of the adrenal 
Btimnlati<m induced by alc(fiiol? Engorgement of the arteries, 
their capillaries, the neuroglia channels, and the dendrites is 
a normal consequence of adrenal stimulation; but, the vans 
being outlets, sueh is not the case with the venous engorge¬ 
ment. This anomaly is aceounted for by the now generally 
admitted fact that the vessels of the cerebral substance per se 
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are not supplied witii vasomotor nerves. ^Tascnlar nerves may 
be fonnd without trouble or difflcnlly in mnsdes, glandi^ eto., 
by the silver and other stains,” writes Berkley, ^'bnt in the sab- 
Rtance of the encephalon they are never to be^seen with similar 
staining methods; hence it is fairly reasonable to suppose that 
they are not present in this location and that some other con¬ 
trolling mechanism takes their place. I have most carefully 
looked for them in many brams, both human and of the lower 
animals, but have never seen the slightest trace of their pres¬ 
ence within the nervous structures. . . . Tuke and An- 
ilriezen, who made researches in the same field, have also failed 
to find them.” As I will have occasion to show, this is an 
extremely important factor in the pathology of all toxsmias, 
mental and nervous diseases, for it indicates that any marked 
rue of blood-pressure due to toxics, drugs, etc., causes vascviar 
engorgement of the vascular channels of the hrain^bstance 
simultaneously with the engorgement of the. peripheral capil¬ 
laries of the other parts of the organism. 

Under these conditions contraction of the central vascular 
trunks through excessive adrenal activity causes not only con¬ 
gestion of the surface, but also of the brain. Strikingly con¬ 
firmatory of this fact are Ihe following statements of Professor 
Foster’s: ‘‘It is argued that, in the absence of vasomotor nerves 
of their own, the cerebral vessels are wholly, so to speak, in 
the hands of the general motor system; so that when the blood- 
])i'e88ure is high, owing to a large vasoconstriction in the ab¬ 
dominal viscera, more blood must necessarily pass to the brain, 
and when, again, the pressure falls, through the opening of the 
splanchnic flood-gates, less blood necessarily flows along the 
cerebral vessels.” . . . “Again it has been observed that 
certain drugs have an effect on the volume of the brain quite 
incommensurate with their effect on ihe vasomotor system.” 

If this testimony is sound and the interpretation of the 
data available is exact,—my conception of the neuron’s inherent 
functions coincides with some of the main conclusions reached 
by Deiters, Gerlach, Golgi, Porel, and Cajal. In outlining 
their conclusions, however, I will only refer to those which are 
directly connected with my views, as a general renew would take 
up too much space. 



574 THi posnmnnt fituitart and thn nbryods btstbm. 

Deiters (1855) afSnned the prerailmg theory—^ondemon- 
Btrated at the time—that the nerve-cell was supplied with two 
kinds of processes, the protoplasmic and the nervous, the latter 
constituting the nerve-fiber. Gerlach confirmed the views of 
Deiters, and showed that the protoplasmic processes subdivided 
into a fine reticulum, which, he thought, anastomosed with that 
of other cells. Golgi then demonstrated that, besides the two 
kinds of processes described by Deiters, there were given off 
collateral processes which, with the nerve-piDcess, or axis- 
cylinder, constituted the only truly nervous structures of the 
cell, the other processes and the cell-body being purely nutri¬ 
tional. The subdivisions of the protoplasmic processes or anas¬ 
tomoses were not, in his opinion, continuations of those of 
other nerve-cells, either by continuity or through nervous net¬ 
works, though some of the protoplasmic extensions were 
connected with neuroglia-fibers and blood-vessels. Forel con¬ 
tended that the entire cell and its processes were simulta¬ 
neously functional and nutritional. Ilam6n y Cajal concluded 
that net-works of nervous fibrils did not unite the collateral 
processes, and, these being absolutely free, there could be no 
continuity of nervous substance between them, contiguity of 
their extremities alone prevailing. 

I need hardly emphasize the fact tlmt Golgi’s views are 
strikingly confirmed by my own; indeed, had this great his¬ 
tologist converted the neuroglia-fibrils connected with blood¬ 
vessels into blood-channels, our interpretations would have 
been similar, though reached from entirely different directions. 
And I must admit that I consider this striking similarity, 
apart from the single line of research to which I have devoted 
all these pages,— i.e., the histological chemistry of the circu¬ 
lation of the nervous system and the manner in which nervous 
energy is product,—as a strong indorsement of my own con¬ 
ceptions. While Forel is fully sustained by my analysis when 
he asserts that all the parts of the neuron are simultaneously 
functional and nutritional, Golgi is likewise fully sustained 
when he cemsiders the collaterals and the axon as the truly 
nervous structures, the others being nutritional. We have seen 
that the dradrites connected with the neuroglia-fibrils are 
really blood-channels. True, they are covered vrith gemmules 
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and lined with myelin, a feature which shows that they serve 
for the formation of nervous energy; yet tiiis energy is not 
utilized in these dendrites, but by the collaterals, in addition 
to that elaborated by their own myelin. Nor is the greater part 
of the blood which courses tlirough the main dendrites used 
by them; it passes into tiie cell-body: a great center for the 
production, we have seen, of nervous energy, which energy is 
mainly utilized, not by the cell-body per so, but by the dendrites 
and the axon through which the whole neuron’s blood is con¬ 
tinuously passing. 

Glolgi’s observation that some of the protoplasmic proc¬ 
esses were connected with neurogliapfibers and blood-vrasels 
furnishes histological proof that my interpretation of the 
manner in which the neuron is connected with the circulation 
is based (m solid premises. The prevailing ideas, however, as 
to the nature of neuroglia normally suggested that his views 
included a nervous net-work as intermediary between cells, 
neuroglia-cells being likewise considered as truly nervous 
structures. Hence the idhrmation of Cajal that collaterals 
w^ totally independent of one another, especially if he gave 
neuroglia-fibers and cells the credit of only being what they 
are now generally thought to be: i.e., a “peculiar ground- 
substance," in which the ^hlood-vessels, the nerve-cells, and 
nerve-fibers" are “imbedded." The neuron w autonomous 
functionally: i.e., as a nervous organ, each neuron is connected 
with the circulation hg its own neuroglia hlood-channels. An 
illustratioh of the continuity of neuroglia^fibers with the cere¬ 
bral circulation is afforded by Berkley’s experiments with alco¬ 
hol. “Besides the swellings in the course of the dendrons," 
says this author, “we must always be on the watch to exclude 
certain processes of the support' neuroglia-cells that traverse 
l^a^-distances of the cortex and exhibit a pearl-string swelling 
in the course of the fiber " 

Are nerve-cells contiguous, as thought by Cajal? Berkley 
states that the great Spanish investigator writw ‘‘that the 
ascending fibers of the cortex, which have a vertical or oblique 
course through the medullary layers, have their points of con¬ 
tact- W[j[& the protoplasm of the dendritic structures in the 
intPneds between the short transverse processes (gemmulss) 
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around wliidi the ascending fibers twine.” In other words, 
the tip% or extremities, of the axon of one neuron, instead 
of being in contact with the tip of the gemmule, touch the 
intervals between gemmules. **Such a discdiarge of the nerve- 
forces from cell to cell taking place at hundreds of indefinite 
points,” (^tinues Berkley, "could not fail to produce stimuli 
that would be more often aberrant than direct, and, in all 
likelihood, such an arrangement would produce the utmost 
confusion of thought and motion, a veritable inco-ordination 
of the cerebral functions, which would reduce direct cerebra¬ 
tion to a nullity.” This point seems to me to be well taken, 
and the identical argument prevails as regards contiguity, for 
if, as I believe, myelin and the oxidizing substance are con* 
stantly in contact in the neuron,— i.e., the cell-body, dendritw. 
and ax(Hi,—^nervous energy is continuously being formed, and 
promiscuous contact with the dendrites of other cells would 
give rise to the untoward effects enumerated. In the light of 
my views, therefore, continuous contiguity between neurons 
through their dendrites or axons does not appear possible. 

How do neurons transfer their nervous energy to other 
neurons? Berkley states that it is "more than probable that 
it is only at the free bulbous terminations of the nerve-filaments 
[axons] that we have naked protoplasm, and from this uncov¬ 
ered norvous substance the dynamic forces, generated in the 
corpora of the nerve-cells, are discharged, through contiguity, 
on to the protoplasmic substance of other cells. Thus, in con¬ 
tradistinction to the hypothesis of Cajal,” continues the author, 
"we have only comparatively few points at which the nervous 
forces may discharge themselves from axons to the protoplasm 
of other cells, and these are seated at definite points on the 
terminal arborizations of the nerve-filaments, for otherwise 
what would be the necessity of a terminal apparatus were the 
nerve*oonductorB free to dircharge their dynamic forces at any 
point at which they came in contact with the substance of a 
dendronP” 

It seems to me that the feature to ascertain in this con- 
nectiai is the dxaracter of the functions of the gemmules. Why 
do these little projections of the dendritic walls become erect 
during the cerebral congestion induced by poisons? Are they 
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really intended to receive disdiarges of nervous energy fnnn 
the bulbous tips of axons? They outnumber the axonal end- 
organs out of all proportion. Indeed, their multiplicity around 
all the stenu excepting the axon hardly points to them as ter¬ 
minals endowed with such important fimciicms as those at¬ 
tributed to them. Again, Berkley states that *^e twigs of 
the dendrites and the fibers touch each other frequently and 
in a manner that appears to be perfectly indifferent for the 
different kinds .of nervous substant^, receptive and projective." 
Such pnmuscuousness plainly testifies, it seems to me, against 
the iden^ty of the substances in contact being exposed sur¬ 
faces capable of transmitting to each other a stream of nervous 
impulses. 

In the lij^t of my views, however, a function perfectly in 
keeping with the experiments of Qoddard in puppies, of Demoor 
with morphine, of Berkley with alcohol, ridn, serum, etc., sug¬ 
gests itself. We have seen that during functional activity the 
gemmules project, while during inactivity they recede. If we 
now connect these facts with the presence in the gemmules of 
a thin layer of myelin immediately under their external or 
limiting covering, and concede that the latter and the myelin 
take part in the formation of each gemmul^ it will become 
evident that during the erethic state the surface of myelin ex¬ 
posed to the action of the oxidizing substance of the plasma 
will be greatly increased and the proportion of nervous energy 
produced corre^ondingly augmented. Uetraction of the gem- 
mulra, on the other hand, by emptying them of their plasma, 
will nomudly cause diminution of energy-production, the mye¬ 
lin of the main channel sufficing to sustain nutritional functions 
during sleep, for instance, when the gemmules are retracted. 
We have what seems to me a counterpart of tliese minute struct¬ 
ures in the muscle-cell, the myosinogen of the latter being 
replaced by the myelin. We have also, in the processes out¬ 
lined, an active and a pasme functional stage in keeping with 
other organk All this so thoroughly coincides with the various 
attribute which the gemmules have been shown by various in¬ 
vestigators to possess, that I feel warranted in concluding that 
the getnmtdee are peripheral exten^ne of the dendritic walh 
honing for their purpose to increase, when erect, fhe area of 
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myelm expoetd io (ke action of the oscidiaing stdutaace of the 
fdama, and thus to render dendrUe fvnetionaUy actioe: it., 
abh to tranmit Or reeeivo norvoue imptdM, the gmn- 

mules are retracted or eoRapeed,,therefore, fwuiiotial activity ie 
w abeyance, as during sleep, anofsthesia^ etc.: Le^ they are mdble 
to transmit or receive imptd^ 

This tends to show that none of the gtaninnleB serve per 
ee to transmit impulses, and that the dendritic tips mnst abne 
be endowed with this fimetion. That sneh is the case se^ to 
me suggested by Fig. IS on tiie plate opposite page 650, which 
exemplifies the condition of a dendron before the engorgemoit 
indn^ by ridn has become far advanced: at a^e when 

the dendion^s Inmen has not as yet becomw^mpletely blocked. 
The two central dendrites may be seen to terminate with bulb* 
oos tips, while the remaining gemmules immediately adjoining 
tike latter axe not apparmitly enlarged. This worJd point to 
the enlarged extremity as a dissimilar structure in respect to 
the gemmulesi, a terminal organ as it were. Again, the gem- 
mules and terminal organ would have presaited a certain de¬ 
gree of resemblance under the influence of the engorgement 
under the action of poisonsi, had they been similar; their ap¬ 
pearance, on the contrary, suggests dissimilarity. Beridey 
states that, "so fax .as the end-apparatus of the collaterals from 
the p^chical cells is concerned, the terminations of the inter 
medkiy cells, the fibers entering frran the medullated masses, 
all have the same end-apparatus, which consistB soMy of a 
simple freely terminating bulbous ending, situated up(HL the 
extremity of the finest branches of the nerve-fibers.” As he 
then refers to figures in one of his illustratione which rqiresent 
axons supplied with bulbar extremities, I infer that it is to 
the dendritic terminals that he alludes, and not to those of 
the gemmulesi, as a broad application of his preceding paxa- 
'’grapha mi^t suggest If the bulbous terminals of the entire 
dendrite as well as the axon are referred to, the (jnoted lines 
afford additional evidence tending to show that the dmdritic 
extremities alone transmit or receive impulses. Indeed, in 
the article in which chronic alcoholic poisoning ia studied, 
Berkley remarks: '‘The process of tumefaction always appears 
to begin at or near the fi:M metremity (ff the dendron, be it tiie 
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extremity of the main apical process or one of its eoliatml 
branches, and not inlreqaently the extreme termination of the 
dendron, is seen to be somewhat lawoUen when no other portion 
of the ceU it involved/'** He also states thathis dracription 
of the mode of ending of the wllaierak of the great pyramidal 
cells” Cajal "describes their finest branches as terminating 
freely by a nodoMty.” All these facts seem to me to warrant 
the condnskn that eocA of ihe collaierdt dendrites of a neuron 
and each axon, or ttibdivision of the loiter, is supplied with a 
bulbous end-organ. 

How is an axonal end>organ ci/m nenron functionally 
related to that of a dendrite of another neuron? Berkley, 
alluding to the subdivisions of the axon, each of wldch is sup¬ 
plied with its bulbous end-organ, says: **These spherical ap¬ 
paratuses are closely adjusted against the bulbous tips of tiie 
gemmules, at times the approximation being so dose that the 
imprenion is given of actual contact, though it should be re¬ 
membered that the slightest overlapping will produce the same 
effect; and, on the whole, it is more probable that there is no 
actual contact^ but that the axonal discharges of the stimuli 
overleap tiie infinitesimal distance between bulb and gem- 
mule.” For the reasons adduced, I do not think that the 
gemmules serve for the reception of impulses. These reasons 
also suggest that each axonal end-organ can only discharge its 
stream of impulses into the bulbous terminal of a neighboring 
dendrite, which bulbous terminal would, under these circum¬ 
stances, present some analogy with the end-bulb of Krause, 
and, indeed, with several peripheral sensory organs. I have 
also submitted reasons that seem to me to offset the assertion 
that the end-organs actually touch. Indeed, that an "infin¬ 
itesimal distance” between the efferent axonal end-oigan and 
the efferent dendritic, end-organ exists seems to be the only con¬ 
clusion warranted by the histological picture, as described by 
Berkley. It seems to me, in other words, that each of the 
bulbous end-organs of an axon, though apparently in contact 
"'rtk the end-organ of one of the dendrites of a neighboring 
neuron, may be separated from it by an infinitesimal distance. 


** AUttaSei uemir oim. 
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Tlie bearing o| this arrangement, as an element of lunc* 
tion, aaserta itself when the stress we have laid upon the vibra¬ 
tory character of a nervous impulse is recalled. When study¬ 
ing the nature of the functional* activity of muscles, I h^ 
occasion to say, referring to the governing action of motor 
nerves: "As the vibratory rhythm of the impulse and that of 
the muscle always correspond, any variation of rhythm by tho 
brain-center correspondingly modifies the muscular contrac¬ 
tion,” If w« now analyze what this vibratory rhythm means 
when the dendritic end-hulb and the axonal end-bulh are sepa¬ 
rated by an infinitesimal distance, but one answer appears to 
suggest itself: i.e., that there can be no flow of impulses from 
one to the other. But we must not lose sight of the fact that 
the contradictory histological pictures described by Cajal and 
Berkley are those of non-living cellular elements, and that 
death may leave the two end-bulbs juxtaposed, as seen by Cajal, 
or separated by an "infinitesimal distance,” .as seen by Berkley. 
Thus, each histologist is right in his way as regards dead tissue. 
But what of living structures? Cajal and Berkley will again 
assist us in reaching a deduction in this connection, for each 
investigator furnishes one-half of the main physical function 
involved: i.e., vibration, which means rapidly cdtemaiing jux¬ 
taposition and separation of the bulbous end-organs. 

The rapidity with which the gap between the two terminals 
is opened and closed— i.e., the rhythm —regulates, we have seen, 
functional activity. But can we conclude from this that non- 
activity of an organ means cessation of vibration of the bulbous 
end-organs involved in the function? We have seen that the 
nutritional processes of all tissues are continuous, nervous 
energy being supplied to the>'cellular elements as long as life 
lasts. Forel, as stated, was led by his admirable investigations 
to the conclusion that- "living muscle appears to be so organized 
that without nervous stimulation it can live as little as the 
tropical animal can without warmth or the rose without wdicr.” 
This applies to all living tissues: a feature of tiie problem 
which necessarily implicates -the continuous devdopment of 
nervous energy and, as a consequence, an unceasing vibration 
of the end-organs. It seems to me, therefore, that, inasmuch 
as the nutritional processes of the organism require a continuous 
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supply of nervous energy, all the systemic axonal and dendritic 
end-organs are in a state of constant vibration. 

Ajaalyzing muBcular contractility, 1 stated that: '‘The 
impulse-wave [and the blood supplied the cell] simply sets the 
muscle-elements to a given vibratory rhythm, and they retain 
this whatever be the intensity of the exertion required. . . . 
This may aptly be compared to the manner in which a note 
on a violin is made loud or soft. The power with which the 
siring is pressed upon with the moving bow modifies the in¬ 
tensity of the sound; but the note remains the same. This 
means that its pitch does not vary, and if, for example, the 
lower C is given, we will know that the sound-wave of that 
note represents two hundred and sixty-one vibrations per sec¬ 
ond. So may the impulse-wave transmitted by the brain 
through a ‘motor’ nerve be represented by a fixed number of 
vibrations. Betraction, the muscle being then most tense, is 
therefore characterized by the greatest number of vibrations.” 
If this interpretation is sound, it is likewise applicable to the 
“to-and-fro” motions of the bulbous terminals which constitute 
vibration, the number of these motions within a given time 
representing a given intensity. Any modification of the num¬ 
ber of these to-and-fro motions within a given time, therefore, 
correspondingly modifies the intensity of the resulting vibra¬ 
tory impulse-wave, the passivb stale of function (that during 
which cell-nutrition alone occurs) being represented by the 
lowest number of vibrations, the activb ^age (during which the 
function is in full sway) by the highest number of vibrations 
compatible with normal health. 

Still, in accordance with my views, this applies to the im¬ 
pulses transmitted' by the posterior pituitary body, since this 
organ, directly and through its extension in the cord, governs 
the passive stage of function and incites the cellular elements, 
both through the terminal vasomotors and the net-works dis¬ 
tributed to the cells themselves, to higher activity when the 
active stage becomes necessary. Can we say the same of the 
independent hemispheres? This carries us back to the circu¬ 
lation of the brain, for the question involves another: i.e., 
wheth» the cerebro-spinal functions, active and passive, are 
carried out in a manner similar to that of all other organs. 
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1 am now able to state that they are, for the neuroglta-fibrii.i 
of the aubstance of the brain and cord represent their blood- 
nipply, 08 the cellular capillary net-work of any other organ 
represents its blood-supply. 

Indeed, we must not orerlook the fact tha^ while the 
neuroglia-fibrils representing the capillary supply ef the cerc- 
bro'spinal substance are not supplied with vasomotor nerves, 
the peripheral vessels connected with the organ are, thus fur¬ 
nishing it with what might be described as an extrinsic 
supply. This extrinsic system would thus be represented by 
the pial vessels, which, as shown by Andriezen,”* are supplied 
with vasomotor nerves. *^e find," writes this invrat^tor, 
“that it is possible to stain the vasomotor nerves with Golgi’s 
method. Starting from the carotid and vertebral plexuses we 
can trace them no farther than the circle of Willis by anatom¬ 
ical dissection (using a lens). Do nerves accompany the cere¬ 
bral arteries as they go off from the circle of Willis; and, if 
so, how far; and what is their ultimate distribution? Our 
observations on the kitten’s brain show that bundles of nerve- 
fibers accompany the middle cerebral artery (the one specially 
chosen for our study) and its branches in the pia. These fibers 
run in tortuous and zigzag fashion, and in the finer pial 
-branches they can be seen to form a very fine (non-anastomotic) 
plexus of fibrils lying between the outer and the muscular coats. 
From this peritnuscular plexus terminal fibrils issue which, run¬ 
ning a short distance ^ong the muscular layer either longi' 
tudinally, transversely, or obliquely, end in small spherules: 
little ovoid bulb-like arrangements abutting againrt the mus¬ 
cular eleihents (cells). We have succeeded in tracing these 
terminals and their distribution to the finest pial cells, but no 
farther. The intracortical continuations of the pial vessels 
have constantly failed to give us the least evidence of this 
perimuscular plexus, which therefore—so far as our investiga- 
tiouB go—we are compelled at present to imagine as stopping 
with the pial branches, and not continued along the intracortical 
vaacular branches."** This evidence, added to the facts already 
outlined concerning the pericerebral vascular supply, seems to 
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me plainly to indicate that the cereiral circulation is governed, 
is thai of the arterioles of the body ai large (by the posterior 
pituitary b^y, as we shall see, pages 982 and 1269), through 
I he vasoconstrictor nerves of the pial vessels, which are terminals 
Ilf the sympathetic system. 

This only furnishes us, however, the functional mechanism 
ot the passive stage. In other words, the nervous energy de¬ 
veloped owing to the presence of a given proportion of adrenoxi- 
(Insc (brought into contact with the myelin through the tonic 
vascular contraction insured by the general motor system) only 
causes the entire brain to create the nervous energy which, as 
wc have seen, is essential to its own life. But how is the active 
^tagc incited in any one part of the cerebrum? 

As is well known, groups of individual muscles may be 
caused to contract simultaneously, while some of the muscles 
which enter into the formation of these groups may be rc- 
jilaced by others. This is well exemplified by the mechanism 
uf piano-playing: the index, thumb, and little finger, to form 
one chord; the annular and thumb to form the next, etc. Trac¬ 
ing this mechanism back to the structure which incites and 
governs the muscular adduction and abduction through which 
the keys are struck and released, we are brought back to a 
neuron. But how is the neuron incited to activity? In other 
words, how is the increased speed of blood through its myelin- 
lined dendrites, cell-body, and axon incited and governed? Can 
wc ascribe this all-important function to the posterior pitui¬ 
tary body ? We have seen that removal of the hemispheres did 
not prevent muscular action; a frog can swim, a pigeon fly, 
«'tc., and, indeed, continue to live a considerable time—^months 
—if carefully fed, notwithstanding tlic absence of its hemi¬ 
spheres. This suggests that, while the posterior pituitary 
body either directly or indirectly incites and governs tlic 
functional activity of all organs, exception should be made of 
the brain, though it governs the circulation of this organ. 

Still, the cellular elements of all organs are supplied witli 
a net-work of terminal nerves, and it is through the inter¬ 
mediary in this net-work that its functional metabolism is 
govern^ by the posterior pituitary. How is the same func¬ 
tion fulfilled in the hemispheres: i.e., how arc its cells, the 
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neuroRB, "mcifed and governed?” Are they also enpplied with 
a net>work of fibrils which receives impulses from the poste¬ 
rior pituitary body? There is no evidence available to suggest 
that such is the case, and the functional relationship with the 
latter through the vasomotor supply of the pial vessels is the 
only link between the two organs that existing data permit us 
to accept. If, therefore, a regulative mechanism exists, it must 
be one connected with the vascular system, and so disposed as 
to miable it to govern the circulation through one or more 
neurons. simultaneously. It must supply its own nervous en¬ 
ergy, for we have seen that Andriezen found the vasomotor 
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nerves to distinctly terminate upon the muscular coats of the 
pial vessels; indeed, it must be as autonomous an organ as is 
the neuron itself. 

Such an organ we have, it seems to me, in the neuroglia* 
cell shown in the above illustration, which Andrian has named 
the “protoplasmic neuroglia-cell,” and describes as follows**: 
“The protoplasmic glia-cell has a distinct cell-body, which is 
irregularly oval, frequently pyriform. Its various protoplasmic 
processes are of moderate length; they exhibit great variations 
of caliber, some being stout and coarse and others exceedingly 
fine. These processes are also dendritic: a thing never seen 
in the stellate cells. A most striking feature is the shaggy 
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granular cantour, as if a fine moss constituted the protoplasmic 
processes. . . . Further, by one or more of their coarser 
processes the protoplasmic cells are attached to the perivascular 
blicaths. The figure [on the opposite page] shows the cell with 
two such vascular processes, each attached to the vessel by a 
conical disk-like expansion (‘foot’).” 

These charlUHcristics of tliis cell speak clearly in favor 
of my view that neurogliaKsells and fibrils are channels for 
blood. Bearing directly upon tlie question in point, how¬ 
ever, is the fact that this cell, as indicated by its gemmulcs and 
its dendritic appearance, must be supplied with myelin. The 
association of this myelin with the blood-plasma in transit at 
this point— i.e., so close to the blood-vessel—seems suggestive, 
for, if the illustration is closely examined, dendrites arc not 
alone found around the cell, but also fibrils, which start from 
various parts of these dendrites. That these protoplasmic neu¬ 
roglia-cells are directly connected with the blood-v^sels so 
as to admit plasma is demonstrated by the fact that they also 
take part in the engorgement of neuroglia structures that fol* 
low poisoning. “The bodies of the mosey neuroglia-cells,” 
writes Berkley, alluding to the effects of ricin poisoning, “are 
larger than normal, rounded, sometimes globular in outline, 
and the tentacles are thickened and knotty. There are general 
evidences that these structures of the lymphatic system are 
undergoing modifications of a pathological nature.” I have 
already stated that this-“lymph” was, according to my view, 
its next o’ kin: i.e., blood-plasma. 

Beferring to the paper from which I have just quoted, 
Andriezen remarks**: “We also stated at the time that the 
evidence of staining with Golgi’s method shows us a system 
of lymph-spaces surrounding the cell-body and its branches. 
Careful and fresh observation confirm us in this opinion, viz.: 
that there is an exceedingly fine system of canaliculi and lymph- 
spaces surrounding the body, and dendritic processes of the 
protoplannic glia-cell, and directly continuous with the peri¬ 
vascular lymph-spaces.” If the annexed sketches by Andriezen 
are now examined and interpreted from my siandpoMut, addi- 
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tional testimony in favor of my ccmception of the whole mech¬ 
anism of brain’fancti(m will appear. Indeed, the eanaliculi 
are evidently the openings into the neuroglia-fibrils. But these 
microscopical channels, which are often one-sixth the size of a 
blood-corpuscle, would soon be blocked were the latter allowetl 
to reach them. There is interposed between them, therefore, 
. a lymphatic membrane, similar to the one which, as we have 
seen, forms the lymph-space from which veins start. -Here, 
however, a double purpose is served, as shown in the sketch. 
It fome two cavities: the one surrounds the blood-vessel, and 
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represents the channel connected with the venous system, to 
which all corpusdes return; the other, or external, space re¬ 
ceives only the blood-plasma which has* passed through the 
membrane. The latter, being mainly composed of endothelial 
plates, is therefore phagocytic and bactericidal, and thus admits 
into toe neuroglia eanaliculi not only plasm^ relieved of all its 
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cellular elranent^ but also aflepticized adrenoxidaee-laden plasma. 
'I’he outside of a Tessel corered with a neuroglia-ridden eheath is 
shown in Fig. 3. 

The two kinds of nenroglia-cella may be seen to take part 
in. the formation of the ext^al net-work of fibrils in the illua- 
Iration on page 686. It is here, it seems to me, that the gov¬ 
erning attribute of the ^protoplasmic neuroglia-cell” shows 
itself, as suggested by the dendritic appearance of its exten- 
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siona. Indeed, Banvier has been led to conclude that the 
other variety of neuroglia (stellate) cell is not much more 
than a mass of aggregated fibrils in transit, the latter passing 
through them wi&out forming part of the cellular structure. 
Still, as it contains a nucleus, it may possess a regulative ac¬ 
tion. The larger cell, however, imposes itself as an orj^ of 
n very active kind—capable probably of playing in the brain 
the part that the vagus plays in various organs: i.e., to incite 
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active functioii and govern it in tlie neurons with which it is 
connected, either directly or through the intermediary of other 
neurons. The connection with the latter would not be estab> 
lished by continuous fibers, but through their end*bulbs, the 
axonal of the one to the dendritic of the other, etc., in order 
to allow of the transmission of vibratory impulses. Beferring 
to these larger '^protoplasmic” ganglia cells, Andriezen writes; 
“Th^ occur abundantly throughout the gray matter, in all 
the layers of the cortex, but are vare in the white substance.” 
Indeed, according to my view^ the latter is a mass of axis- 
cylinders coming from the upper strata, and surrounded by 
thei^ myelin, wherein energy increases with distance: a true 
“avalanche”—casing Pfiugert expression—-of nervous force 
toward the lower cerebral structures. 

The predominating function of both varieties of neuroglia¬ 
cell asserts itself, however, when the characteristics of the 
cortical layers are reviewed. The first, or molecular, layer 
contains but few nerve’cells, according to Andriezen. Its 
proximity to the pial vessels normally suggests that^ if glia- 
cells are intermediaries between these vessels and the brain- 
substance’s circulation, they should occur in large quantities 
in .this region.. “Its outermost, or superficial, region is formed 
of a system of neuroglia fiber-cells,” says Andriezen, and by 
means of the annexed illustration, among others, he emphasizes 
the varied directions and the length their extensions may as¬ 
sume. But if the illustration on page 586 is examined, the 
manner in which these cells (according to my interpretation) 
are supplied with plasma may be easily understood. As diown 
therein, the pial vessel dips into the brain-substance, sub- 
rounded by its lymphatic membrane in such a manner, we 
have seen, as to form two spaces, the internal of which is for 
the blood and corpuscles to be returned by the veins to the 
general circulation; the other, or external space, being that 
in which the plasma for the neuroglia-cells passes after pene¬ 
trating the lymphatic membrane, in order to readi the neu¬ 
roglia-fibrils. This affords a supply to both kinds of cells, 
which are seen to line the plasma-containing space. That both 
are intimately connected with the circulation appears to me 
beyond doubt; that the mossy, or protoplasmic, cell is endowed 
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with some fimciion other than as a mere distributing center 
it; as likdy; that this function should be to regulate the dr- 
lulation in the neurons^ or groups of neurons with which it 
is connected (as shown by the effects of poisons upon all struct¬ 
ures thus connected), is strongly suggested by the fact that, 
while the need of such a regulative system is evident, there 
is no discernible or known organ or system of organs, directly 
connected with, the pial blood-vessels, other than these cells 
to which this important function could be ascribed. The fol¬ 
lowing conclusions, therefore, seem to me warranted:— 



Samr Caudats Nidrooua Tramt-caLLa vrok vaa Huiian Braim- 
coRTax (First Latrr). (Andrlaes.) 

a, Tsngenttal Sber-system. h, Cell-bodlei. e. Descendiiig Sber-sys- 
tem. The dotted line ebows the limit between the Srst and second and the 
second and third layers. 

The neurog\ia~celh are the intermediaries between the 
general circulation and the capillary system (neuroglia-fibrils) 
of the brain-substance. The smooth stellate cell seems only to 
serve for the equable distribution of the blood-plasma to the 
neurons, while the mossy, or protoplasmic, cell presents the, attri¬ 
butes of an organ to which the function of inciting a group of 
neurons to action by activating its blood-supply and of governing 
the quantity of nervous energy produced in these neurons can be 
ascribed. 

Judging from the admirable histological work of Andriezen 
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and Berkley, the engoi|[ement caused by poisons affects the 
three upper layers of the cortex most markedly. The bead¬ 
like swellings of the first-layer dendrites are well shown in the 
annexed illustration, the lefions being those found in alcoholic 
insanity. The second layer and third layer are represent©! 
by the plate opposite page 550, reproduced from Berkley’s 
article, ricin poisoning, as previously stated, having been the 
cause of the cerebral engorgement. The cells of the last, or 
fourth (polymorphous), layer are not shown, but the fact that 
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laren. Alcohollo laiaattp. 

March! found that the ependymal neuroglia-cells sent a central 
extension to tlie optic thalamus, where it divided and became 
attached to the blood-vessels, shows that the circulatory 
mechanism I have described applies to the entire cerebro-spinal 
system. Biiefiy, the cerehriMpmal system is built up of neurons 
supplied with adrenoxidase-laden blood-plasma through the in¬ 
termediary of protoplasmic neuroglianxlls, which regulate the 
volume of this fluid admitted into the neurons and, thereby, their 
functional activity. 
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the posterior pituitary body as the somatic center 

OP THB NERVOUS SYSTEM. 

Howell,*" in the course of experiments which led him to 
conclude that “the infundibular lobe of the hypophysis (the pos¬ 
terior pituitary) is, in aU probability, not a rudimentary organ, 
but a structure tiiat has some important physiological activity,” 
found, as I have already stated, that “the extracts of the 
glandular lobe (the anterior pituitary) have little or no per¬ 
ceptible effect when injected alone. Extracia of the small in¬ 
fundibular lobe, on the contrary, have a distinct and remark¬ 
able effect upon the h^rt-rate and blood'pressure, an effect 
which resembles, in some respects, and differs, in others, from 
that shown by suprarenal extracts.” 

We have seen in our previous analysis of these observations 
that the symptoms produced were those of suprarenal over¬ 
activity, and that the extract acted as did adrenal extract; the 
heart-beat was “not only slowed, but considerably augmented 
in force,” says Howell, “as shown by tracings taken with a 
Hurthle manometer,” etc. When both vagi were cut or a 
little atropine was given, the slowing of the heart was less 
marked. The result of vagal section is evident. As to the 
atropine, it prevented the slowing because, when added to the 
pituitary extract, it modifies its action, by inhibiting the func¬ 
tions of the adren^s as it does those of other glands. But an 
interesting query imposes itself in this connection: The extract 
having at first stimulated the activity of the adrenals, how did 
the latter, through the increased oxidizing substance, bring about 
increased vagal action? The answer is easily reached: the pos¬ 
terior pituitary being also increasingly supplied with oxidizing 
substance, its activity is likewise increased. This emphasizes an 
important feature: that the posterior pituitary is function¬ 

ally stimulated, 98 is any other organ, by the oxidiang substance 
in the blood passing through it. Indeed, the nerve-fibers which 
Berkley found to accompany the arteries suggest the presence 
of a functional arrangement similar to that of any organ, while 


** H«wdl: “TruiMtleiis of CoagrMo of Amortean FliTOlotaiio and Bwiaana,” 
toL' It, p. n. IVT. 
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the presence of so many neorogliarceUs at the apex—«.s., where 
the posterior pitnitaiy meets the infondibnltim—indicates that 
the neurons which ibey supply are the seat of marked func¬ 
tional activity. 

The feature brou^t out by Howell's experiments, how¬ 
ever, is that the posterior lobe (including the pan intermedia 
as recently shown by Herring***) contains an active agency. 
This harmonises with my views, since, as we have seen, the 
anterior lobe i^ to a certain d^ee, passive in that it is stimu¬ 
lated to an inordinate degree only when toxics are present in 
the blood, while its normal activity is sustained by the secretion 
of the thyroid gland. Though ^e purpose of both organs is 
similar, therefore,—the conversion of chemical energy into 
nervous energy,—^the manner in which this is done is not similar. 
Indeed, in the posterior lobe, the exciting agency is, as just 
stated, precisely as it is in any organ: i.e., oxygen. The posterior 
pituitary must, therefore, become physiologically active through 
the same chemico-physical process that prevails elsewhere in the 
body. 

Indeed, we have seen that the posterior lobe is, in reality, 
but an aggregate of neurons—and a precious aggregate it must 
be, ensconced, as it is, in a bony cradle and resting on a pillow 
of blood, to pr^rve it against shocks or traumatisms! That, 
like all neurons, this aggregate depends mainly upon a phos¬ 
phorus-containing ground-substance has been shown. I will 
recall that Cyon,*^ in the course of a large number of experi¬ 
ments (since confirmed by Masay, see pages 983 to 989), ob¬ 
served that: “1. Any, even slight, pressure upon the hypophysis 
(t.s., both organs) immediately gives rise to a sudden variation 
of blood-pressure and to a notable reduction in the beats of the 
heart, the strength of which is at the same time considerably 
increased. 8. Electrical stimulation of the hypophysis, even 
with extremely weak currents, produces exactly the same phenom¬ 
ena as does mechanical pressure, but in a much more intense 
manner. 3. Extract of hypophysis, injected into the veins 
of an animal, prodnea upon the heart and upon blood-pressure 
elTects that are analogous to those cau^ by electrical and 

Herrlag; QurtMlr Jonnu of Bapw. PhTSlol., vol. I, p. ISl. UOa 
** D« Cpoa: ArekiTM da Fhjraloloalp, Jaly, 18W. 
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mechanical stimulation, of this organ.” I have pdnted out that 
tliis pituitary extract does not prove the existence of a secretion 
at all, and that its action was due to the presence in the organ— 
as in all sympathetic structures, of chromaffine, i.e., of adrenal 
.substance. Indeed, Oliver and Schafer in 1895 found that 
pituitary extract could be boiled without destroying its action— 
a property which a ferment such as the adrenal principle pos- 
SC8BC8 alone. This added to the cliromaffine and adrenalin re¬ 
actions and the fact that the effects of pituitary extract arc 
precisely those of adrenal extract sliows the fallaciousness of the 
secretion doctrine. Conversely the facts reviewed the presence 
of phosphorus, noted by Bossbach, and the effects of direct stimu¬ 
lation, plainly show that the posterior pituitary, being tnainly 
composed of neurons and their protoplasmic extensions, is the 
seat of reactions similar to those that prevail in other nerve 
centers. 

The intrinsic processes upon which the physiological 
functions of neurons and nerves depend seem to me to be rep¬ 
resented in the foregoing pages, but I have still to account 
for the "stormy processes in the nerve-fiber” to which Barker 
refers: i.6., the exacerbations through which passive functions 
become active. Can we attribute these to the cells in tlic sev¬ 
eral centers? “Notwithstanding almost infinite minor varia¬ 
tions in form,” says Professor Barker, “the neurons in the most 
different parts of the nervous system present surprisingly 
similar general external morphological characteristics.” We 
have seen, by the details furnished by the histological studies 
of Berkley, that such is not the case with the neurons in the 
posterior pituitary. Indeed, there are in this organ ten cells, 
e.xclueive of four of the neuroglia type that differ in morpho¬ 
logical characteristics, each of which receives from Berkley a 
separate description. Not only do all the axons of the cells in 
this lobe point upward, but the diversity of cellular shapes is 
beautifully illustrated in the plate opposite page 594, a trans¬ 
verse vertical section of the infundibular region. 

We have seen that above the infundibulum— i.e., in the 
structures of the third ventricle—^lie found “varieties of epen¬ 
dymal neuroglia-cells, previously, supposed to have entirely 
disappeared from the central nervous system,” etc., and which 
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were thought to be confined to ''reptiles, amphibia, and firiies/’ 
The physiological rdle I hare ascribed to neuroglia-cells and 
fibers further emphasizes the importance of these structures 
and of the marked nutritional activity of which they are the 
scat. As a complement of this I showed that Andriezen trace<l 
a direct nervous connection in all classes of vertebrates between 
the "posterior lobe of the pituitary,” on the one hand, and 
"the olfactory center” and the "bulbo-spinal centers,” on the 
other. 

When these facts and others reviewed are placed side by 
side with the adduced evidence (1) that the middle brain is the 
seat of a nervous mechanism through which highly, diflcrcn- 


Tbanbvbrbk VaRTiCAi. Section or the iNruNDiBULAB Reoion. 

0 , Lum«o of ventricle, a'. Lumen of Infundibulum. 1, Primary forma of 
ependymal neuroglia, the proceasoi extending from a cell-llke body at the edge 
of the ventricular cavity to the Bubplal limit. 2, Coarsw and leaa ramified 
variety of ependymal cell. S, Coareer ependymal cello, branching within the 
Inner halt of the Infundibular wall. 4, Portlona of ependymal cells with tufted 
aubplal branchings. 5, Unstained nerve-cells. 6, Pyramidal crils with long, fine 
processes. 8, Transversely lying cells of small sise with knobbed extremities. 
9, Pyramidal cells with large numbers of apical processes. 10, Probable axis- 
cylinder extension of pyramidal cells with thickenings, and rectangular exten¬ 
sions to the subplal limit. 11. Nerve-fibers passing from the Infundibular wall 
Into the tissues along the border of the ventricle. U, Burr-llke cells of the 
Infundibular wall. 13, Line of the floor of the brain. 14, Long-rayed apendymal 
cells of the juncture of the ventricular and Infundlhular cavities. 15, 15, PIr-troe 
ependymal cells of various sixes and forms lining the border of the ventricle. A 
few of them are seen to have rounded knobs adjusted against the plal limit of 
the basis cerebri. 16, Neuroglia cell approximating the short-rayed type of Qolgl. 
17, 17, Bustentoeular gUa-cells of the Inferior border of the tuber clnereum. 18, 
19, Olla-cellB with numerous long and stout hairy processes from the bodies, and 
thicker projections, probably transition forms between the snstentimular cells and 
cells of later devetepment >0, Probable nerve-cril resembling some of the glia- 
cells. ZU a. Large messy cells situated at some distance from the ventricular 
border. II, tt. Nerve-cells of different forma. (jBsrkleir.) 

tiated afferent impulees .meet with response, and (2) that the 
structurea to which Berkley and Andriezen refer are contained 
precisely in the central gray matter which Foster considers as 
"perhaps in point of origin the oldest part of the brain” and 
which "seems to serve chiefly as a bed for the devebpmfDtiOf 
the nuclei of the cranial nerves,” it seems clear to me thai'the 
posterior pituitary body is a general center in Vfhidt active 
tions are incited and governed in responee to afferent tmpufiMS. 

A neuron, we have seen, presents the at^utea of otiier 
organs; that the analogy includes the functiini4;Uipi^ ibese 
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organs i Vnder these circamstances and taking 

tlie digeatiy^’ j^steni Mfexample, a group of neurons consti¬ 
tuting th# ori^ of a l^erve would be able automatically to 
cuutinue its poanve funotions between meals. But just as the 
onset of digestion, the active functional state of the stomach, 
involves an increase of the volume of blood supplied to its mus¬ 
cular and secretory elements, through vasodilator impulses, go 
would a nerve-cenier, when required to aseume the active phage 
of its functions receive more blood {adrenoxidase-laden plaema) 
through arterial vascular elements governed by the posterior 
pituitary. 

Professor Foster’s reference to the central gray matter 
as a bed “for the development of the nuclei of tlie cranial 
jiervcs” suggests that tlie posterior pituitary might possibly 
supply energy for all cranial nerves. The complex origins and 
connections of the optic nerve •would, under these conditions, 
convert the posterior pituitary into a source of energy, pure 
and simple, for general distribution. Ample evidence to this 
effect is submitted in the second volume. 

This does not apply to the anterior lobe, however, altiiough 
its pars intermedia governs the adrenals. Berkley says, of the 
anterior pituitary; “No nerve-cells are to be found in the sub- 
si smee of the organ, and all nerves belonging to it appear to 
be derived from branches of the carotid plexus.” This indi* 
cates that nervous energy supplied by this organ to the adrenal 
system, while produced tiirough the intermediary of the 
layer of sensitive cells in the partition between the two lol)e8 
(see page 960 for its description), is due to a stimulating influ¬ 
ence other than tliat which prevails in the posterior lobe. In 
other words, while the iodine in organic combination in the 
thyroid "secretion is the normal stimulus of tlie sensitive cell- 
layer,—and one of the many stimuli to which it responds,—the 
posterior lobe is made up of many types of neurons which 
depend upon the lecithin formed between their protoplasmic 
partitions for their functional activity. 

The organs differ markedly and significantly in one re¬ 
spect, therefore: i.e., in the fact that, while the whole of the 
anterior lobe is devoted to the one purpose of energizing the 
suprarenal center, the posterior is an aggregate of many cen- 

M 
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ten. This indi(»tes, it seems to me, that if the oigan wete a 
general source of energy for the whole bed of crraial nerrn, 
irrespective of the individuality and purpose of each nerve,.ft 
would have been similar in general construction to its mate, 
the anterior lobe. That it tmida to suggest that each group of 
neurons in the posterior pituitary body is a highly specialized 
center for a single class of nervw. Indeed, this is experimentally, 
though indirectly, sustained by Andreizen’s researches. He 
could not have traced a direct nervous coimection with the 
olfactory bulb and with the cerebro-spinal axis had the organ 
been a center for the production of energy intended to be diffused 
promiscuously in the central gray fnatter. 

Again, tlie connection between the posterior lobe and the 
nervous system cannot be limited to the cranial nerves, since 
we have seen how intimate is the functional relationship in 
which afferent impulse obtaiil, between the middle brain and 
the entire motor system. Were the cranial nerves alone in¬ 
volved, the skeletal muscles would have to be omitted from 
the list of structures under the organ's control. As we have 
seen, removal of the middle brain abolishes all '^bodily move¬ 
ments,” as Foster puts it, “carried out by means of co-ordinate 
motor impulses, influenced, arranged, and governed by coin¬ 
cident sensory or afferent impulses.” 

Yet, how can the posterior lobe influence organs with 
which it has no anatomical connection ? Thus, the most prom¬ 
inent motor patlis, the pyramidal tracts, arise, in the cortex, 
from the upper two-thirds of the central convolutions, pass 
down behind the knee of the internal capsule, and then pene¬ 
trate the middle third of the pes cerebri, then the pons and 
the medulla, and finally pass down the cord. Where iBj;he con¬ 
nection with the posterior pituitary? When the tracts ‘^'emerge 
from the pons,” says Edinger,** “their fibers form two laige bun¬ 
dles in the ventral portion of the medulla,”—i.s., in the regions 
of the middle brain,—^where, as we have seen, not only all nerves 
endowed entirely or In part with motor properties—the second, 
third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, elev¬ 
enth, and twelfth pairs—are r^reeented either by their nuclei 


£m. etti 
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or by communicating roots, but also where all nerve$ acquire 
certain vaeoconatrictor, i.e., aympathetic propertiea. 

It becomes a quration as to the manner in which the cere¬ 
brum is itself functionally governed, in so far as its somatic 
functions are concerned. In the light of the foregoing facts 
we are brought to the eminently logical conclusion that, in 
order to insure perfect co-ordination of the functional activity 
in all organs, a single structure is entrusted by Nature with 
this all-important rdle, i.e., the posterior pituitary. The 
cerebrum, as the organ of Mind, differs in no way from other 
organs, from my viewpoint: its circulation is also governed by 
the pituitary body during its active and passive state: wake 
and sleep. I have previously referred to the fact that the 
medulla is only a transmitting center: a general station to 
which impulses from various directions arrive by the cord from 
below, by the commissures from the encephalic structures, 
and establish junctions with the several paths with which they 
are related. ‘*The encephalon is a very complicated system of 
large and small continents of gray or central nervous sub* 
stance,** says Professor Buval, "communicating one with an¬ 
other and with the medulla by numerous commissures.** 

We have seen how absolutely independent of motor func¬ 
tions the hemispheres are, though volitional attributes enable 
them to utilize the motor system. Indeed, the experimental 
evidence adduced on this score is incontrovertible. But the 
same distinguished physiologist says: "The nerve-cells of the 
cord form in this organ a continuous central gray mass, extend¬ 
ing from one extremity of the organ to the other. But, if the 
anatomist locates the superior limit of tlie cord on a level with 
the occipito-atloidian articulation, for tlie physiologist the cord 
extends into the interior of tlie cranium; it reaches to the 
aqueduct of Sylvius (the true origin of the motor oculi com¬ 
munis and patheticus) and even on a level with the third ven¬ 
tricle—the gray substance of the walls of this ventricle.** We 
have seen that he also referred to its reaching up to the sella 
turcica. That it is within this bony structure that the main 
center of this vast mechanism—^with its extensions and ter¬ 
minals, including the vasomotor fillers—lies, has been suffi¬ 
ciently emphasized. I feel, therefore, that I have good 
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tiiifcessiy^^^it^ovisdf tiie animal still shows, by characteristic 
f)gitatioiii>"aiid cries, the pain it experiences when sul>- 

flitted to strong external excitations: i.e., when its leg is 
sfineezed with pincers or a bare nerve is excited. If the pons 
itself and the upper part of the modttlla are now destroyc«l, the 
.•ininud at once ceases to respond by similar cries and agita¬ 
tions.** . . "An apimal that has lost its pons has there¬ 
fore lost a center for the perception of xensilire imprcHniotut/’ 
'I'lie gray ganglionic substance of the pons, is, wo have seen, a 
])nrt of the central gray matter which begins in the posterior 
pituitary body: a fact which suggests that the latter may be the 
seat of functions now ascribed to this part of the pons. 

Indeed, these instinctive involuntary acts arc dominant in 
tlie entire phylogenetic scale even in vertebrates devoid of skull 
or brain: the amphioxus, for example, down to which Andriezen 
traced the structures w^ich ultimately become the pituitary 
bodies. It is difilcnlt to conceive of an indiing and governing 
eiferaiit impulse from the posterior pituitary without an af¬ 
ferent impulse conv^ing to it the needs of the organ to be 
incited to activity and governed. Duval refers to weeping, for 
instimee}. tears, we have seen, are brought on by increased cir- 
culaticte^and stimulation of the cellular elements of the lacry- 
mat glands; wlat is this but functional activity enhanced by 
impulses to the posterior pituitary—if my previous conchixions 
are at all warranted? 

True, we are dealing primarily with a mental phenomenon, 
but this only proves that afferent impulses may reach the poste¬ 
rior pituitary from the cortex of the hemispheres as they can 
from any organ. Nor is the act an instinctive one; but this 
fact also affords supporting testimony, since it tends to show 
that the organ is not only influenced by impressions of a purely 
reflex kind, or connected merely with organic life, but also by 
the highest form of nervous action: i.e., mentality. What 
better evidence can we have of this than the violent cardiac 
action; the trembling; the involuntary excretion of urine, of 
fasces, of sweat; or even the sudden arrest of the heart, all of 
which phenomena may attend‘intense fear, and all due to loss 
of control hg the posterior pituitary, under the violence of the 
mental in^ulsea ovi^ . . . muscular tissue: cardiac, skele- 
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tal, cystic, intestinal, and sudorific? To*this list I may add 
loss of control over all vasoconstrictors, since we have relaxa¬ 
tion of the larger internal vascular trunks, central engorgl!^ 
ment, in virtue of the principle^^vessels supplied with a mus¬ 
cular coat and capillaries are mutually antagonistic in contrac¬ 
tion and dilation*^—submitted in the earlier chapters and the 
mechanism of which we can now understand. Both antag¬ 
onistic conditions are expressed in another symptom of fear: 
i.e., intense pallor, the lividity of Asiatic cholera and, indeed, 
of the moribund. Truly instinctive, however, is the sudden cry 
or scream brought on by unexpected pain: evidently the result 
of an impulse to the posterior pituitary, since we again have a 
series of muscular actions of the chest, glottis, etc., which are 
necessary for the cry. laughing, sneezing, coughing, and other 
kindred acts are all manifestations of motor activity; and so is 
vomiting the result of afferent and efferent vagal impulses, 
again with muscular structures as the mechanical factors and 
the posterior pituitary as inciting and governing organ. 

And a striking proof of this is furnished by the fact that 
these manifestations of activity not only prevail in a frog de¬ 
prived of its hemispheres, but that, if the animal is kept alive 
and in good health, signs suggestive of intelligence appear. 
"For days or even weeks after the operation,” says Professor 
Foster, "there may be no signs whatever of the working of any 
volition; but, after the lapse of months, movements, previously 
absent, of such a character as to suggest that they ought to be 
called voluntary, may make their appearance. . . . Even 
in their most complete development such movements do not 
negate the view that the frog, in the absence of the cerebral 
hemispheres, is wanting in what we ordinarily call a ‘will.* *’ Nor 
need they, for these so-called involuntary, instinctive acts arc 
dominant even in vertebrates devoid of skull or brain: the 
amphioxus, for example, down to which Andriezen traced the 
structures which ultimately become the pituitary bodies. 

That the posterior pituitary is a discerning organ, and one, 
at that, capable of simultaneously subserving many functions, 
seems very probable. Totally independent of the brain, though 
its servant when need he, it appears to me as the undoubted 
seat of the many centers— i.e„ for cardiac action, respirap 
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iiou, vasomotor action, sneezing, coughing, etc.—^that have been 
located in the medulla oblongAta. True, local disease or trau» 
iifatism point to the **bulbar’* areas concerned as “centers.” 
, lint if the bulb is given the rdle which I believe it to fulfill, 
■—i.e., that of a secondary or rather subsidiary consociating 
organ,—^it will become apparent that any lesion capable of 
blocking the multitude of afferent and efferent impulses that 
traverse it at all times and which represent the aggregate of the 
organisms inciting and governing energy must necessarily 
compromise life or the functions of an organ to which the 
blocked nerves are distributed. 

I have expressed the belief that the posterior pituitary 
body is the primary co-ordinating center—so far unidentified 
as to central origin—of the S5’mpathetic system. This view 
has not only been sustained by the analysis of the functions of 
tlie various organs, but it seems to me fully to coincide with 
established facts. 

As Regards Efferent (Motor) Impulses .—It has been experi¬ 
mentally determined that all fibers that originate from roots in 
the anterior portion of the cord are efferent: i.e., transmit motor 
impulses from the cord to the periphery. Section of these 
fibers causes: in muscles, paralysis; in glands, cessation of 
secretion; in vessels, dilation. 

Interpreted from my standpoint, these morbid phenomena 
are accounted for as follows: As the active functional state of 
any organ is brought on, we have seen, by strictodilation of its 
arterioles, i.e., constriction of their vasa vasorum (that attending 
the passive functional state), section of the nerve transmitting the 
constrictive impulses brin^ on the opposite of active function,— 
t.e., paralysis,—or, if distributed to a gland, arrest of secretion. 
Although the same impulses serve to incite and govern the 
cellular activity of the organ, paralysis, muscular or glandular, 
is not due to the loss of these two functional attributes, since 
section of vagal efferent nerves, which only incite and govern 
the active functional state beyond tonic contraction, does not 
cause paralysis. Thp immediate cause of the latter is slowing 
of the blood-stream: i.e., reduction of the supply of oxidizing 
Bnbstance. The cellular elements lose their mechanical energy 
and. can no longer be incited to action and governed. The 



602 THB FOSTBlklOR mtfltA&Y AKb THB Mtgft’VOOfi BYantlL 

inechanical energy being due to the adrenoxidase present^ it is 
traceable through the adrenal system to the ant^or pituitary 
body, while the inciting and governing influence, being of 
cerebro-spinal origin through the anterior root severed, is ^ 
traceable to the posterior pituitary body. That it is of central 
origin is shown by the fact that removal of the pituitary is fol¬ 
lowed by general vasodilation. 

Control experiments are represented by the well-known 
facts that stimulation of an anterior mot causes ‘vasoconstric¬ 
tion and increased functional activity, and, if sufficiently 
strong, convulsive movements of muscles. The latter, as wu 
have repeatedly seen, are due to excessive oxidation of the 
muscular elements—complemental testimony to the effect that 
inadequate oxidation is a primary source of paralysis or at 
least of functional inhibition. 

I have previously shown that the bulbar vasomotor center 
and the cranial nerves that possessed motor properties occupied 
the same medullary region: the upper. As general motor 
nerves possess vasomotor properties, the reason for this is 
obvious. Again, we have seen that the cranial nerves which 
acquire motor properties by anastomosis were grouped in the 
lower portion of the medulla. The entire organ thus becomes 
a conductor for general motor impulses, whether transmitted 
by the cord (as indicated by the general vasodilation incident 
upon medullary section) or by cranial nerves. 

Although this aggregate of motor areas in the medulla 
represents but radiating paths from a common center, the 
posterior pituitary lobe, present conceptions as to their dis¬ 
tribution—whether to the extremities, the thorax, the cranial 
nerves, etc.—or their anatomical relations with the hemispheres 
—^the cerebellum, etc.—are in no way modified. All we need 
to bear in mind, and as will be shown later, the sympathetic 
system is not an autonomous system of nerves, and that it is 
a subdivision of the general motor system originating, like all 
motor nerves, from the cord, while its impulses emanate from 
the pituitary. 

Summarized, these facts—^which will be supplemented by 
evidence in the second volume—suggest that, while the medulla 
oblongata is an important consoeiating organ, its centers receive 
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impulses from, and are controlled and co-ordinated by, the 
posterior pituitary body. 

TJali^ the anterior lobe, which goyems and Bustaine oxida¬ 
tion and metabolism through the adrenals, however, the posterior 
lube is not necessary to life, since it is but a co-ordinating 
hlructure. 

As Regards Afferent (Sensory) Impulses. —It has likewise 
been experimentally ascertained that all fibers that originate 
from roots in the posterior portion of the cord arc afferent: i.e., 
transmit sensory impulses from the periphery toward the cord. 
Section of these roots is followed by loss of sensation. 

Interpreted from my standpoint, sensory impressions are 
similarly transmitted from all parts of the organism, and the 
one general sensory system supplies the needs of all. The 
nature of the impulse being governed by the specific cellular 
characteristics of the peripheral structures which receive the 
inipressions, whether related to a special sense, general sensi¬ 
bility, variations of functional activity, etc., they all reacli 
the posterior pituitary. That such is the case is suggestcil 
by the fact that, while frogs deprived of the hemispheres ex¬ 
hibit typical signs of continued co-ordination and sensation, 
removal of the bulb then causes them no longer to show these 
signs. This does not exclude the functions of subsidiary cen¬ 
ters,— i.e., reflex centers, ganglia, etc.,—^which probably serve 
as accumulators of energy, and act in lieu of the posterior 
pituitary body unless the peripheral stimulation exceed their 
])otential as to the efferent energy actively used. The law of 
generalization of Pfluger,— i.e., propagation of (reflex) impulses 
to the medulla under excessive excitation,—^which, according 
to my view, applies to the posterior pituitary, typifies the 
maximum effect produced under such conditions, and further 
demonstrates the connection between the periphery and the. 
latter organ. 

Control experiments are represented by the familiar re¬ 
sults of stimulation of the dorsal roots, which causes augmenta¬ 
tion of reflex activities and of conscious sensations. The reflex 
inhibition of functional activity of certain organs I have 
ascribed to excessive stimulation: in accord, therefore, witli 
forgoing facts. This affords the complementary concordance 
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required to place my conception of the fundaona involved on 
a solid foundation. 

All these data suggest a postulate, the importance of 
which must be emphasized: i.e., the identity of the posterior ^ 
pituitary body as the center upon which aU emotions, shock, 
etc., react, and as the organ which initiates the phenomena 
that attend the impressions thus produced. 

That this organ is directly or indirectly connected witli 
the cerebrum in all phenomena pertaining to intelligence, 
reason, and will, precisely as its motor functions—other than 
the purely automatic ones—^may be dominated by these higher 
manifestations of nervous activity, need hardly be emphasized. 
^‘Sensory” in its broad sense, from my viewpoint, and refers 
to impressions received by all end-organs endowed with sensa¬ 
tion, as previously stated. Whether these first reach the eye, 
the ear, the cutaneous surface, the gustatory papillse, the olfac¬ 
tory area, etc., or be due to traumatism, surgical procedures, 
an abnormal mental state, such as attends fear, grief, or other 
emotions, etc., we are always dealing with molecular jarring 
of the posterior pituitary body: harmless when slight, patho¬ 
genic when sufficiently intense, but fatal when a certain limit 
is reached. Precisely as the current passed through the region 
by the Weber brothers inhibited the heart, so can fright, in¬ 
tense pleasure, or shock prove fatal by inhibiting the heart, 
but primarily by jarring the posterior pituitary body —or, 
speaking more correctly, by inducing excessive molecular vibra¬ 
tion of its elements. 

The maximum effect of diock thus becomes an arrest of 
nervous impulses through which function is sustained via the 
cerebro-spinal axis. This may well be illustrated by the de¬ 
scription given by Professor Stewart of the “various phenomena 
which are grouped together under the name of shock” as ex¬ 
emplified by section of the cord. “When the spinal cord of a 
dog is divided,— e.g., in the dorsal region,—all power—all 
vitality, one might almost say—seems to be forever gone fnnn 
the portion of the body below the level of the section. The 
legs hang limp and useless. Pinching or tickling them calls 
forth no reflex movemrats. The vasomotor tone is destroyed, 
and the vessels gorged with blood. The urine accumulate^ 
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iiverfills the paralyzed bladder, and continually dribbles away 
from it. The sphincter of the anus has lost its tone, and the 
fa>ces escape involuntarily.’’ 1 hardly need to emphasize the 
fact that we have here a summary of all the phenomena which 
attend loss of functional activity: of those, at least, I ascribe to 
the posterior pituitary body. 

But this experimental section of the cord was also chosen 
as an example of the wonderful resources of nature when 
life’s functions are to be preserved. "If we were to continue 
our observations only for a short time, a few hours or days,” 
continues the author, "we should be apt to appraise at a very 
low value the functions of that part of the cord which still 
remains in connection with the paralyzed extremities. But 
these symptoms are essentially temporary. They are the re¬ 
sults of shock; they are not true ‘deficiency’ phenomena. And 
if we wait for a tinie, we shall find that this torpor of the lower 
dorsal and lumbar cord is far from giving a true picture of 
its normal state; that, cut off, as it is, from the infiuence of 
the brain, it is still endowed with marvelous powers. If we 
wait long enough, we shall see that, although voluntary motion 
never returns, refiex movements of the hind-limbs, complex 
and co-ordinated to a high degree, are readily induced. Vaso¬ 
motor tone comes back. The functions of defecation and mic¬ 
turition are normally performed. Erection of the penis and 
ejaculation of the semen take place in a dog. A man with 
complete paralysis below the loins and destitute of all sensa¬ 
tion in the paralyzed region has been known to become a 
father (Brachet). Pregnancy carried on to labor at full term 
has been observed in a bitch whose cord was completely divided 
above the lumbar enlargement.” 

How c«Ti the return of functions—so far unexplained by 
physiologists—be accounted for? The foregoing data suggrat 
that the pituitary should be the organ "shocked” by the opera¬ 
tion. ■ Moreover, removal of this or^m, except after its gradual 
destruction by disease, produces identical effects. Indeed, tte 
resumption by the lower and dorsal cord of its normal functions 
would not occur if the path from the pituitary to the adrenals 
had alB<^ been severed. As Qoltz and Ewald have shown, ani¬ 
mals deprived of iheir cord from the bulb down cannot keep 
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wann, and even die of cold; but Ott found that this did not 
happen when tlie section was made below the fifth dorsal. As 
this is immediately belaw the region where ttie pituitaro-adresal 
nerves leave the cord to enter the sympathetic chain and thence 
pass on to tlie adrenals, these results find their ready explana¬ 
tion : As soon as the posterior pituitary had recovered from tlic 
shock, it resumed its influence on the adrenals, the secretion 
of which, as previously sliown, endows the htemoglobin with its 
oxygenizing constituent. Metabolism—^the life process—^being 
resumed in the severed segment of the spinal cord, its nonnal 
functions returned. 

It seems extraordinary to connect the adrenals—as I did in 
1903 in the present work—^with fright, anger, traumatic shock, 
etc.; and yet the recent experimental work of Cannon and de la 
Paz,^^ in the Harvard laboratories of physiology, has demon¬ 
strated that under the influence of such emotions in the cat the 
inferior vena cava contains an excess of secretion. Cannon and 
Hoskins*^ also state in this connection: ‘The similarity be¬ 
tween surgical shock and the condition of an animal after re¬ 
moval of the adrenal glands suggests that possibly in surgical 
shock the injury to large nerve trunks may discharge the 
adrenal glands to such a degree that they arc unable to continue 
their normal functioning.” 

If to all this be added the fact that the manner in which 
violent emotions, fright, trauma, shock, etc., provoke various 
diseases, exophthalmic goiter, railway spine, and concussion, 
for instance, it seems probable that the posterior piltdtary body, 
as the most highly organized aggregate of somatic nerve-centers, 
is the organ upon which all shocks — physical, i.e., cerebral or 
traumatic — rmet. 

Illustrative also of the rdle of shock, physical and mental, 
in the production of disease is amomegaly. Fully 20 per cent, 
of these cmcs are due to some form of accident, often falls upon 
the head. Its syndrome, better than any other disease, shows, 
from my viewpoint, the rdationship between the pituitary and 
the body at large. Hraice its presoice at the end of the present 
chapter. 

• Oannon and de la Paa: Anerlcan Journal of Pbraiolon, April 1, ISU. 

Cannon and HoSkina:' ibid., April and December. UU. 
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ACROMEGALY: PIERRE MARIE’S DISEASE, AND GIGANTISM. 

The first question tliat imposes itself in this connection is 
whether the pathogenesis of this disease of the pituitary body 
must be bas^ upon the prevailing belief that this organ is a 
secreting gland or, as I believe, upon its identity as a co¬ 
ordinating center which includes, among its functions, that of 
governing the secretory activity of the adrenals and tliyroid 
apparatus. 

I have already urged that the prevailing opinion that the 
pituitary is a secreting gland has so far remained unproven, 
while every item of evidence brought in favor of this view can be 
shown to be questionable as such. The main argument in its 
favor is that extracts of its posterior lobe can pro<luce vaso¬ 
motor phenomena; but this fact loses its value in the presence 
of Wiescl’s®* demonstration that this lobe is rich in chromaffin 
substance, i.e., in adrenal principle. That under these conditions 
its extracts should give rise to the same phenomena as the latter 
is plain. To enumerate these phenomena is to rehearse all those 
that were credited to the secretion of the adrenals in the second 
chapter by the many investigators cited therein. Thus, 
Mairet and Bose*® found in 1896 that subcutaneous injections of 
pituitary extract caused a rise of temperature which lasted 
a couple of hours. An intravenous dose produce<l marked 
myosis, slowing of the respiration, powerful cardiac heats, and 
hyperthermia as main signs, the animals recovering, however. 
Schafer and Vincent"® then found that pituitary substance raised 
the blood-pressure, and that this substance when applied to 
mucous membrane caused blanching, as is the case when a 
solution of adrenalin is applied. They also noted that in small 
mammals it caused, in toxic doses, paralytic symptoms which 
they also consider analogous to those caused by adrenal extracts. 
According to Jas. Barr,®’ pituitary extract actively produces 
arteriosclerosis, and it is also known tn produce glycosuria. 
Finally, Hallion and Carrion, studying its therapeutic action, 
found that pituitary extracts “always pro<luced their effects by 


IntornaUonal Clinict. vol. II. 

"Uairet and Boac: Arch, de phyalol., p. 600, 1W6. 

•• SchUcr and Vincent; Jonr. of fliyaiol., vol. MV, p. 87, J8w. 
** Barr: Lancet, Nor. U, 1889. 
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ralBing the arterial tension.” In other wonls, it awakens all 
the typical phenomena, physiological and pathological, to which 
the adrenal product gives rise. 

Twelve other general facte, covering a wide scope of researcli ^ 
in the domain of various branches, submitted on page 510, also 
indicate that the pituitary is not a secreting organ. 

Again, if the pituitary body were the source of an internal 
secretion its romoval, as has been repeatedly done in recent years 
by Hoebenegg, Cushing, and others for tumors, should prove 
harmful if not fatal, as is the case when the thyroid apparatus 
or the adrenals, which we Tenow to be the source of internal 
secretions, are removed. But such is not the case. If, on the 
other hand, the pituitary is considered, with me, as a co-ordinat¬ 
ing center supplied with subsidiary centers in the bulb, which 
colters could normally assume its functions gradually as the 
chief center is being destroyed, we can readily understand how 
a degenerated and useless pituitary can removed with 
impunity. 

Twenty-six years have elapsed since Pierre Marie identified 
acromegaly with the pituitary, and it must be admitted that 
the secretory theory has served but little if anything to elucidate 
its pathogenesis. Indeed,, notwithstanding the painstaking 
labors of many distinguished observers, Ceorge Dock** could but 
write of it recently (1911) : "Acromeg^y is c'.osely associated 
with disease of the pituitary body, but the alterations reported 
by various observers have been interpreted so differently that it 
is still uncertain just what the true relation is.” The semeiology 
of the disease and its pathology have been raised quite to the 
high level of diseases that have had the benefit of centuries’ 
analysis; but the relation between the seat of lesion and the 
clearly defined external phenomena of the disease still belong 
to the domain of conjecture. Will my interpretation of the 
functions of the pituitary body prove more fruitful in results? 
All that is claimed for it is that it offers a field for new lines of 
thought. 

Pathoornesis and Symftokatoix>oy. —^Tamburini** has 
shown, after an analysis of twenty-four cases in which autopsies 


•Dook: lloswr KBd Ksllv! ‘'PTMtlcal Treatment,’* p. SBS. lUL 
** Tunbarlal: RIv. Sper. dl Frea., p. BGS. 1884, and p. 414, 188^ 
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had been made, that "in all typical cases of acromegaly a growth 
ol' the pituitary prevailed, but that there was, at first, hypertrophy 
of the gland, with exaggeration of its functions, and, later on, 
abolition of these functions," a view in which Harlow Brooks,’® 
after a painstaking study of the whole subject, concurs. These 
and other facts I will submit below have suggested the advis- 
ability of dividing the disease into two stages, the first represent¬ 
ing the ascending period of the disease in the sense of exag¬ 
gerated nutrition, terming it the sthenic stage, and to add thereto 
another stage representing the period of decline, as was done in 
other diseases of the ductless glands, namely, the asthenic stage. 
This will make it possible to identify the meaning of each 
symptom, and also, perhaps, to suggest more effective remedial 
measures than those now employed. 

The characteristic phenomena of acromegaly have naturally 
established it as a disease of nutrition, as foundation for the 
many theories that have been advanced to explain its patho¬ 
genesis. To account for its symptoms, therefore, through organs - 
such as the thyroid and adrenals, to which I have attributed 
such leading functions in oxidation and nutrition, must a priori 
seem, to say the least, reasonable. Again, the identity of 
the pituitary body as the starting point of the disease has 
been demonstrated by Marie and many other observers since. 
If, therefore, exaggeration of function is followed by abolition of 
function, another established fact, we have seen, we are brought 
to the logical conclusion that the diseased pituitary first excites 
the thyroid and adrenals, which, as I have shown; provoke 
hypertbyroidia and exophthalmic goiter, and also hyperadrenia, 
and that it subsequently depresses these same organs, bringing on, 
to a more or less marked degree, the opposite states; hypothy- 
roidia, myxoedema, and Addison’s disease or its milder prototype 
hypoadrenia. Interpreted from this viewpoint, then, the disease 
might be defined as follows:— 

Acromegaly is a disease of nutrition, due to any condition, 
hyperplasia, neoplasm, etc., of, or any pressure upon, the pituu 
tary body, capable of primarily exciting abnormally this organ, 
and then of progressively annulling its functions, and also, there¬ 
fore, those of the organs it controls, viz., the adrenals and thyroid 

* Barlow Brooks: Arob. at Neurol, and FeycliopaOi.. voL I. No. 4, 18W. 
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apparatnSj whotte combined secretions sttsiain tissue oxidatini', 
metabolism, and nutrition. Its symptoms are, during the frsi 
stage: excessive tissue growth, merged with those of hyperthii- 
roidia and hyperadrenia, and, during the second stage, wii!< 
those of hypothyroidia and hypoadrenia. 

No reference is made here to the other functions of tin- 
pituitary in order to restrict the morbid process to its main 
general cause. 

The sthenic stage is replete with elinical evidence of the 
participation of the thyroid apparatus in excessive development 
of the body. There are several eases of acromegaly on record 
which, by showing in an exaggerated manner the involvement of 
the pituitary,—to the point of bringing on all tlie prominent 
signs of exoplithalmic goiter,—clearly indicate the participation 
of the thyroid even in those cases in which such prominent 
])henomcnn do not appear. 1’hiis, Tx‘diard^‘ exhibited a cast! 
before the Clinical Society of Ijondon, in which the accom¬ 
panying goiter was sufficiently large to re<juire operation. Xeal 
and Smyth’'* also witnessed a ease in which a parenchymatous 
goiter was present. Sometimes swelling of the neck, which 
develops into a goiter, is the fii-st syniptom observed, as in a 
case reported by Grovc.'^’' In these cases, which but exemplify 
many others on record, the goiter might, however, occur as .an 
imlependent condition. But in many instances the full syndrome 
of exophthalmic goiter is present. Tjancereaiix^* reported r» 
such cases, and Murray*" 2 out of 4 cases of acromegaly he I>nd 
witnessed. Nxophthalmns, tremor of the hands, and glycosuria 
were prominent features. Hinsdale,** in fact, found exophthal- 
mus in 33 out of 130 reported cases—evidence of the frequency 
with which the major symptoms of exophthalmic goiter arc 
present, and of the important factor the thyroid apparatus must 
represent in the pathogenesis of acromegaly. 

As to the adrenals, we must not lose sight of the fact that 
we are dealing with the sthenic stage of the disease, i.e., that in 
which both the tlreroid apparatus and the adrenals are rendered 


^Ledlard; Brit. Med. Jour., April 4, INS. 

Neal and Smyth: Loodon Lancet, July, ISM. 

” Orove: Bulletin Johns Hopklna Hoap., Sept, ISU. 
” Lancereaux: Sematne mralcele, June 34, ISM. 

" Murray: Edinburgh Medical Journal, p. 170, 1SS7. 
HInadale: - "Acromegaly,” p. 23, tSSS. 
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(,\.‘iaclive by the irritated pituitary. Here, therefore, the con- 
riiu tion ia with excessive activity of the adrenals, such as adrenal 
liviiernephromas furnish. Now, Owen Richards^^ describes such 
a uise in a girl of 7 years, “who was as tall as a person of 20.’’ 
*Tile8ton abd Wolbach,'^" referring to this type of cases, state that 
“they are obese and abnormally large for their age, a child of 5 
yciirs having the size and general appearance of a boy of 1(5 
(l.inser’s ease). Pigmentation of the skin may occur, but the 
color is more like that of a brunette than like tlie bronzing seen 
ill Addison’s disease. The intellect ia dull and the disposition 
sullen. Appetite and sometimes thirst are increased, and vomit¬ 
ing is likely to be an obstinate featiiro” ... As these 
])henomena occur as the result of an excess of an adrenal tissue, 
however, the body growth might only occur solely as an effect 
of such a surplus of adrenal secreting tissue; but that normal 
adrenals under stress—as they are in acromegal}'—arc capable 
of producing it, is well shown by the additional statement of 
Tileston and Wolhach’s, that “in three instances (Otto,^* 
Crecchio,"® Marchand"*) premature development has been asso¬ 
ciated with simple hyperplasia of the adrenal glands.”. 

We thus have functionally overactive the two organs known 
to stimulate growth by their secretions: the adrenals, we have 
just seen, and the thyroid, ns illustrated by its influence on 
body growth in the treatment of cretinism; and if, as Mcige 
wrote: “Gigantism is the acromegaly of the growing period, 
while acromegaly is the gigantism of the jieriod of <-ompletod 
development,” these two organs, beyond doubt, account for the 
morbid growths. When to this we add the recognized fact that 
tile thyroid apparatus influences calcium metabolism, we have 
all the factors necessary to trace the most characteristic phenom¬ 
enon of the disease; the progressive enlargement of the bones 
and soft tissues, to its source. Marie restricted his concc]>tion of 
the disease to enlargement of the extremities (hence, (txpov, 
extremity, and fieyag., large), but, besides these, the bones of 
the skull, face, arms, and legs, the spinal column, scnpulte. 


" Rlcluirda: Qur> Hospital Reports, to!. Its. p. MT, IMS. 

"TUeston sod wolbach: Amer. Jovr. Med. Bd., June, 

"Otto: “PsUi, Anst.,’* p. 1». IMA Cited hr TUeston sod Wolfea^ /Wd. 

, "Crecchio: Wien. med. Freese, N. », p. 7*8. Cited hr TUeston and 
Wolbacb. IM, 

■> Marcband: Beltr. sur WIssensb. Med., B. I, ISIl. Cited bjr TUeston and 
Wolbach, lua. 
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clavicles, and the ribs are also causetl to grow, increasing iim 
stature in tlic young and building upon giants, but causiii^ 
deformities (projection anteriorly and posteriorly of the thora« if 
cage—of which tlie double hump of Punch or Punchinello is 
the type—^in some) in adults. The soft tissues over the entire* 
body are no less ovemourished; the enormous hands and feet, 
the hypertrophied muscles, which, notwithstanding their great 
bulk, are weak, and the hypertrophied heart, scalp, face, lips, 
tongue, penis, etc., bear witness to this fact. 

Side by side with this morbid growth we witness, more or 
less marked, tlie otlier phenomena of thyro-adrenal activitv. 
There is abnormal demand for food; indeed, bulimia is con¬ 
sidered by Hinsdale"* as ^^one of the characteristic signs of 
acromegaly”—a fact which points to exaggerated metabolism. 
Thirst is also marked in some cases "out of all proportion to 
even the extraonliiiary size of the subjects,** says the same 
writer, a symptom which he connects "with the glycosuria present 
in many cases.*’ But here, also, we are dealing with a promi¬ 
nent symptom of exophthalmic goiter, and also of adrenal ove^- 
activity, since, as shown by Blum, Herter, Croftan, and others, 
injections of adrenalin produce it. So marked, in fact, is the 
connection between acromegaly and exophthalmic goiter and 
glycosuria that it has attracted attention. Lorand,"" for in¬ 
stance, observed, independently of my views, that there was an 
intimate relationship between tliese disorders; that similar 
conditions: fevers, traumatisms, shock, etc., brought all three 
on; that polyuria, polydipsia, polyphagia were also met in all. 
In all three also more or less pronounced swelling of the thyroid 
occurred, having himself not^ it in diabetes. Launois write* 
in this connection: "Whether we adopt the view of Loeb, 
involving pressure changes, or that of Sajous, relative to nervoui* 
irritation [transmitted to the thyroid, adrenals^ etc.], however, 
the presence of an intermediary -is further required for the 
production of glycosuria. According to some, this intermediarv 
factor ia the pancreas; in the opinion of Gilbert and his fol* 
lowers, it is the liver whicli, under these conditions, becomes func¬ 
tionally oTCractive; according to Sajous, it is the adrenals, to 

Lor. Ht, p. 27. 
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wliich he traced ncrres from llic pituihiry.” lleiv, again, my 
\iew8 haiTOonize those of otlicrs: tlie adrenal soerction, by 
enhancing general metabolism, increases tlie functional activity 
of the pancreas and thereby the production of amylopsin; the 
licpatie glycogen is then converted by this ferment into glucose 
at an abnormal rate, producing glyciemia and glycosuria. 
Hence, it is by exciting the adrenals that the pituitary in acro¬ 
megaly causes glycosuria. The circulatory phenomena include, 
we have seen, tachycardia ■where other signs of exoplitlialmic 
goiter prevailed. Others have noted a "paradoxical acceleration of 
the pulse.” The "frequent and copious sweating,” the tremors, 
the cramps, paraesthesias, tingling, shooting pains, due to circula¬ 
tory disturbances in the neurons, sensory endings, etc.; dyspnoea, 
tlie anomalies of tastes, the tinnitus aurium, arc all symptoms of 
acromegaly common to exophthalmic goiter. Both often give 
a history of rheumatic pains and occasionally symptoms of 
unbalanced mind, especially delusions of fear or maniacal excite¬ 
ment. Cvinversely, in both diseases the patient may lapse into a 
condition of melancholia. In both, alscj, are witnessed the 
l)rand of adrenal overaetivity, a swarthiness, or dirty yellowish- 
hrown hue of the skin, more marked in some parts than others. 

Passing to the asthenic stage, the connection with myxee- 
dema as to failure of thyroid functions, and with Addison’s 
disease as to adrenal insufficiency, is quite as clearly defined. 
‘‘^lyxoBdema may form part of the hypophysial sjudrome,” 
writes Launois. "From the observation of Xomian Dalton** to 
that of Sainton and Bathery*® a large number of cases have been 
reported which support the view that this combination can 
o(-cur.” 

The functional relationship between the pituitary and the 
tliyroid is well shown by the case of myxicdema reported by 
•Sainton and Rathery, just referred to, in which the pituitary had 
been destroyed by a malignant growth, while the thyroid, 
adrenals, and ovaries were atrophied. Here the period of 
growth of the tumor had evidently caused excessive activity— 
hypersemia—of the other organs and finally their functional 
destruction by atrophy, with myxeedema as a result. Other cases 


^n«lbm: Lancet. Nor. 8, 1887. 

'*talaton and Rathery: SocIdU mddlcale des Hdpltanz, May, 1888. 
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of tlie latter in wliicli tbo pituitary was destroyed have beoii 
reported. 

Strikingly suggestive in this connection is a case of myxrc- 
dema teported by Adami,** in which there was cancer of tlic. 
pituitary, while the thyroid was normal. This shows plainly 
that it was to the absence of the impulses from the pituitary that 
the hypothyroidia was due. When, therefore, in acromegaly, tlie 
pituitary loses, by gradual' degeneration, its power to excite the 
thyroid, hypothyroidia occurs, while the general tissue hyper¬ 
trophy remains over from the sthenic period. The general signs 
of exophthalmic goiter are then gradually replaced by those of 
myxoedema, tliough tlie symptom-complex of the latter is some¬ 
what obscured by the physical changes remaining over from the 
first stage; still, cases of acromegaly have been reported in which 
the myxoedematous symptoms were sufficiently marked to war¬ 
rant the conclusion that the two diseases were associated. 
Lyman Greene,** Auerbach,®* and others have reported such 
cases. 

The phenomena of hypothyroidia and its progressive form 
myxoedema both include, we have seen, hypothermia. "A no less 
singular manifestation,” writes Launois,** referring to acromeg¬ 
aly, ‘*is lowering of the internal temperature, which, in a patient 
of Bartels, remained for weeks at a time between 34*’ and 36° V. 
(93*/g° and 96*/^'* F.) without the supervention of any sign of 
collapse. The same phraomenon has been witnessed by Petrina. 
In a case reported by Gdtzl and Erdheim,*® the temperature 
fluctuated for three weeks between 36° and 36° 0. (95° and 
96Vo° F.), later falling to 33° C. (91*/,° F.) It would be 
rather difficult at the present time to explain the origin of such 
disturbances,” continues Launois; *Sre shall merely point out 
their similarity to the phenomena observed in myxoedema, in 
which disorder the temperature often fluctuates between 33° 
and 35° C. (92Vio" to 95° F.) and sometimes even falls below 
these flgures.” This symptom is . no paradox when interprete<1 
from my viewpoint, since, as I have shown, the pituitary governs 


M AdaiBl: TrmiM. Cone, of Amor. Phrn. and Bure., p. 114, 18ST. 

■’IcrmoB Qroene: nTv. Med. Jonr^ Oot. SI, im. 

■■ AnerlMU!li: Wiener kiln. Woch., Feb. 10, 1907. 

m tiaunols: Monthly ^^lopirilo end Medloil Bnlletln, Jon. and Miareh. IMl 
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tlic thyroid apparatas, while the adrenals, in turn, sustun tissue 
oxidation, and therefore the body heat. 

“Unusual sensitiveness to cold,” mental and physical torpor, 
and marked asthenia are ateo typical signs of hypothyroidia and 
liv()oadrenia approximating Addison’s disease. Facial uedcnia 
and even the moon face of hypothyroidal infantilism may be wit¬ 
nessed, as in Glaser’s case,*^ though the deformities of the face, 
the prognathism, the projectmg brows, mainly due to the osseous 
overgrowth of the sthenic stage, tend to conceal the inyxuedenia- 
tous signs in this region. There is often marked accumulation 
of fat, giving no oedematous pitting, and presenting the resist¬ 
ance to pressure as in myxoedema. This can evidently be of 
pituitaral origin; in a case reported by Madelung,®* for example, 
a shot in the infundibulum was followed by marked obesity. 
Indeed, Frohlich and Launois have elaborated syndromes, since 
sustained by numerous cases, in whieh adipose overgrowth is 
directly connected with neoplasms of the jutuitary. There is 
good ground for the belief also that Dercum’s 'disease, adiposis 
dolorosa, is primarily due to disorders of the pituitary. That 
thyroid gland is used as a remedy for obesity is known to every 
one; that obesity should occur when the thyroid apparatus is 
rendered deficient through inhibition of its center—the pituitary 
—by disease is self-evident. 

Dilated veins, as in the infantilism of hypothyroidia, are 
commonly observed in acromegaly, though these may occur as a 
remnant of the sthenic stage. Suppression of sexual desire and 
impotence and amcnorrhoca, rheumatic pains, neuralgia, are also 
common, as in hypothyroidia. A painful form has been identi¬ 
fied which “may assume,” says Tjaunois, “the rheumatoid type 
when it becomes localized in a certain group of joints”—^a 
sentence whieh reminds us vividly of the labors of I. 44 opold-Ij 6 vi 
and de Bothschild, referred to under hypothyroidia. As in 
myxoedema we may also meet with various forms of delirium, 
delusions of persecution, mystery, and the manic depressive 
pqrchoses, and even with epileptic seizures. Th^ are mainly 
<l«e, a 8 I have diown, to the accumulation of toxic wastes in the 
hlood incident upon the inhibition of the antitoxic functions— 


J* ffiner: VlK!liow*a Archlv, B. c**>l. p., ■>, MS#. , 
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a resoll^ in turn, of the deficient activity of the three organs 
which, from my viewpoint, take an active part in the process, the 
pituitary, the thyroid apparatus, and the adrenals. 

The implication of the adrenals in acromegaly has been 
referred to in connection with the sthenic stage—^that of over¬ 
growth. In the asthenic stage we witness the effects of their 
functional decadence. "Small freckles are frequent,” writes 
I’irie,*® referring to a personal case; "patches of a yellowish 
bronzing occur on the face, the .chest, and the insides of the 
thighs. (Motais describes a bronzing such as occurs in Addison’s 
disease.) . . . The patient suffers from a brownish sebor- 

rhoea, especially troublesome in the scalp. The hair is thick and 
coarse. Palpitation and fainting fits occur often. Dyspncea and 
asthmatic-like attacks occur, during which the patient has to sit 
up in bed and fight for her breath,” attesting to marked insuffi¬ 
ciency of the adrenals in the respiratory process. Harlow 
Brooks** also wrjtcs, "macroscopically, the skin in these areas is 
considerably thickened; the surface is rough and often fissured. 
A general brownish pigmentation is present in the average case, 
which, at times, strongly resemble that found in Addison’s 
disease.” But the signs of myxoedema are again apparent in the 
remark by Pirie, that the skin of the eyelids was "thickened and 
puffy,” there being also increased lachrymation and. "a colloid 
secretion between the eyelids”—the typical "watery eyes” of 
myxeedema. 

The symptoms that belong to the domain of the pituitary 
proper, «.e., those which are not brought about through the 
agency of the thyroid and adrenals, are the ophthalmic disorders, 
including progressive amblyopia, amaurosis, hemianopsia, etc., 
the result in turn of pressure by the enlarged pituitary upon the 
optic tracts, the chiasm, optic nerves, etc. That the headache, 
sometimes extremely severe, from which these patients may suffer 
is also due to pressure is probable, though we must remember 
that it may also occur during the early or sthenic stage of the 
disease, and may then be due to increased intracranial tension. 

Pathology. —^The prevailing view, at the present time, is 
tlmt of Marie, which ascribes the disease to a secretion of the 

"Plrte: London Lancet Oct. 6. 1901. 

** Brooka: Arcblvea of NeuroloBr and rarchopatkolivr, toI. I, No. I, USA 



ACROHEOALT. 


617 


gland. We have nov seen, however, tliat there is considerable 
evidence to the contrary, i.e., in favor of my own view, that it is 
through the adrenals and thyroid mainly that the characteristic 
phenomena of the disease are produced. Marie’s original idea 
that the disease is due to disease of the pituitary is strongly 
sustained by my views, however, though still a matter of doubt 
among a few observers. 

An important feature of the whole question is the predilec¬ 
tion of the pituitary body for sarcoma, though, as suggested by 
Tamburini, Benda, Mendel, and others, many of these sarcoma- 
like tumors, on close histological differentiation by means of 
appropriate stains, proved to be e.xampleB of hyperplasia or 
adenoma, in which the destructive process does not proceed with 
as great rapidity unless the adenoma be malignant, which is fre¬ 
quently the case. This accounts for the fact that in many cases, 
particularly in women, the progress of the disease seems to be 
rapid, the asthenic stage, that characterized by hypothyroidia and 
hypoadrenia, coming on before the typical acromegalic changes 
and overgrowths have had time to advance materially. This 
probably corresponds with Parona’s figures, which indicate that 
sarcoma or adenosarcoma is present in 64.«5 per cent, of all cases. 

That adenoma of the pituitary frequently occurs without 
giving rise to signs of acromegaly, or in fact to any symptoms, 
has been shown by Lowenstein. But we must not overlook the 
fact that many faces among the multitudes show marked 
evidences of overactivity of the pituitary at a given time of their 
existence. I have had occasion to treat a young man 6 feet 2 
inches tall, in whom the prominent orbits, nose, and chin clearly 
indicate temporary hyperactivity of the pituitary. The same 
phenomena, though far more marked as to facial deformi¬ 
ties than in the preceding case, were also observed in an average- 
sized woman by lAopold-IAvi, who pointed her out to me at the 
Bothschild clinic in Paris. 

That children’s diseases are frequently the source of tempo¬ 
rary hyperplasia of the anterior lobe of the pituitary, I have no 
doubt. This sustains the personal view, treated at length in the 
second volume, that this lobe and the pars intermedia are mainly 
concerned, as a sOTsory organ, with the defense of the organism 
at large against disease. 
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Treatment. —lAimois, referring to the casea ■ in which 
Hochenegg removed the pituitary, states that ''the progressive 
. retrogression of the manifestations of acromegaly witnessed after 
excision of hypophysial tumors affords an argument of the first 
importance in favor of the theory of glandular hypersecretion.” 
From my viewpoint, it affords a no less strong argument in 
favor of my view, since by removing the pituitary Hochenegg 
arrested the cause of the overstimulation of the thyroid appara¬ 
tus and adrenals, to which the disease is due. Indeed, the latter 
view is the stronger, since the actual existence of a secretion from 
the pituitary is still a matter of conjecture, while the existence 
of the tbyroparathyroid and adrenal secretions is beyond question. 

The treatment of the disease has been necessarily restricted 
to symptomatic measures, and to the promiscuous use of organic 
preparations. The foregoing pages indicate that such should 
not be the case, and that, whatever use is made of the latter, they 
should always be carefully adjusted to the stage in which they 
are indicate. As stated by Dock,®* “pituitary glands and 
extract have not produced definite improvement. The. same 
may be said of thyroid treatment which has oftoi appeared to 
make the symptoms worse.” It is self-evident that in cases in 
the sthenic stage with the hyperthyroidia approximating, if not 
actually reproducing, exophthalmic goiter, and the blood already 
replete with thyroid secretion, tiie addition of thyroid gland to 
it cannot but prove harmful. But in a case such as Sears’s,** in 
which the asthenic stage—^which may appear early in women— 
was present, with signs of hypoadrenia, a puffy and mask-like 
face, dry and coarse hair, etc., with brown patches and asthenia 
denoting hypoadrenia, especially where, as the author specifies, 
“the thyroid .could not be felt,” considerable benefit can be 
obtained under thyroid treatment. In the sthenic or first stage, 
especially where the signs of exophthalmic goiter are marked, the 
treatment for that disease (see page 11229) is indicated. The use 
of coal-tar products, it includes, is known in fact to afford con¬ 
siderable relief of the most distressing symptom of acromegaly, 
intense headache. Acetanilid and antipyrin, and also aspirin, 
have been considerably used for this purpose. 


"Dook: £ 00 . HI.,> 854. 
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With respect to the therapeutic value of pituitary extract a 
case reported by Holleston was greatly improved by pituitary 
and thyroid extracts combined. But the author obscned that 
the superficial resemblance of acromegaly to myxoedema seemed 
to justify the administration of thyroid extract, pituitary ex¬ 
tract alone having failed to effect any improvement. The 
patient neglecting the treatment, ultimately died, the autopsy 
revealing a sarcoma of the pituitary—a type of growth which 
rapidly brings on the asthenic stage. 

As to the use of pituitary alone in the asthenic stage, it has 
been found of value in some cases as a palliative for headache,*^ 
but Btoon and Delill^^ found, in a woman who showed clear 
symptoms of hypothyroidia, that it a^avated the acromegalic 
signs, including the deformiti^ of the face, hands, feet, etc. 
Yet,- in similar cases, the simultaneous use of thyroid has 
proven of value. The solution of this enigma was furnished by 
Holleston** when he said that "the apparent success obtained 
from the administration of the combined extracts was in reality 
due to the thyroid extract.” On the whole, all this indicates 
that, as soon as any sign of hypothyroidia or myxoedema appears, 
the treatment for the latter disuse (see page 192) should be 
instituted. 

In the light of the facts submitted under the heading of 
pathology, particularly those which refer to arrest of the morbid 
process, there is ground for the hope that appropriate remedies 
may further such a r^ult. Until our hopes are fulfilled, how¬ 
ever, operative measures, such as those introduced by ITochencgg 
in Europe and admirably developed by Cushing in this country 
(see hie recent volume^*®), should be resorted to where remedies 
do not check the lethal trend. 


* Bee chapter xll, thUi volume; article “Pltultarr Onanotberapr.' 

"RSnon and Delllle: Le Bulletin mMIcal. June S4, 1908. 
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THE INTERNAL SECRETIONS AND THE LEUCOCYTES 
IN IMMUNITY AND FEVER. 

THE ADRENAL SYSTEM AS THE FOUNDATION OF IMMUNITY. 

To understand the vis medicatrix wUurm, i.e., nature’s 
way of antagonizing disease, and -learn how to enhance her 
resources when these fail has increasingly imposed itself as the 
goal for which we should strive. So concordant is the thought, 
in fact, with our highest aims as physicians and humanitarians 
that it may be said to have seen light at the very dawn of 
medicine, and to have grown apace with time. Indeed, twenty- 
three centuries ago Hippocrates* taught: 'Tt is to the efforts 
of nature that the attentive and able physician looks for guid¬ 
ance.” Galen* was no less affirmative when he wrote: "Nature 
having originally formed the body must, when disease assails 
it, restore health.” Today, the most virile trend of modem 
thought is a corresponding principle, that conveyed by the 
term "immunity.” Whether we seek to identify the nature 
of antibodies, the process through which they are caused to 
appear in the blood, or the manner in which they and the 
phagocytes oppose infection, we are but following the path 
opened by the father of medicine 400 years before the Christian 
era. 

We have now learned through the painstaking labors of 
a host of investigators that our organism is supplied with au- 
toprotective substances; but, so far, the identity of these sub¬ 
stances has not been revealed by them. Even Ehrlich’s theoiy 
has failed in this particular. His side-chain theoiy, notwith¬ 
standing the many collateral facts the labors devoted to it have 
brought out, has remained but a clever figment of imagina¬ 
tion in BO far as the side-chain feature itself is concerned—a pure 
assumption the truth of which he is yet to demonstrate, not¬ 
withstanding the many years it has been most carefully studied. 

* (EurrM mMicklet d'Hlppocrate, ed. FoSa, II, p. US, 18U. 

* Oalen: "Centn Jullanum.” 
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Nor have the sources of the viirinus subslniiccs which take 
part in the immunizing process no far been identified. Ehr¬ 
lich hypothetically attributes this role to the tissue-cell, but, 
even granting that this be so, we are only driven back—unless 
we remain with him within the field of conjecturi*—to tho 
necessity of showing whence these cells obtain their iniinu- 
nizing ^dies, his so-called receptors. This he has failed to 
do, along with all other investigators in the same direction, 
because, in my opinion, he and they have overlooked the one 
field which, experimentally and clinically, offers the only solid 
foundation for a profitable analysis of the question, that of 
tho ductless glands. Brown-Sequard, Tjanglois, Abclous, (Miar- 
rin, Albanese, Zucco, and many others, we have seen, have laid 
stress on the antitoxic functions of the adrenals, while Vassale, 
Gley, Fano, and Zanda, and many other investigators and 
clinicians have urged a similar role in resjiect to the thyroid 
and parathyroids. This applies equally well to the pituitary 
body, according to Marie, Querrini, Oeinelli, and others. ^Yc 
thus have a series of organs found experimeiiially and clinically 
to protect in some way the body against intoxication. Is it 
not logical to conclude that they claim attention ns the more 
likely to furnish the factors for a solution of this all-important 
problem ? 

Prompted by these indications, 1 advanced the view in 
the first edition of the present work (1903) that the body was 
supplied with an immunizing mechanism. I showed that tlio 
adrenals and the thyroid were the sources of two substaiua's 
regarded by pathologists as prominent agents in the immu¬ 
nizing process, but the source of which they had not identified, 
and that the secretory functions of these organs were governed 
by a center located in the pituitary body. I suggested, more¬ 
over, that it was probably by exciting this center that various 
familiar drugs, mercury, for instance, and certain toxins, tulwr- 
culin, Coley’s toxins, and the like, produced their Ijeneficial 
effects. The eight years that have elapsed since these views 
were advanced have served only to strengthen them. 

The identity of this mechanism suggests itself in view of 
the details already submitted in the.chapters upon the ad¬ 
renals, the parathyroid apparatus, tho pituitary body, and the 
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kidneys. But to facilitate the discussion of the subject, I will 
merely recall that, interpreted from my viewpoint, the func¬ 
tions of these organs, both physiological and defensive, are as 
follows:— 

AdrenaU .—These organs supply a secretion which, on 
reaching the lungs, absorbs the oxygen of the air and becomes 
a constituent of haemoglobin—^its albuminous constituent. It 
is, as such, taken up by the red corpuscles and secreted by 
these cells as droplets (the so-called “blood-platelets”) in all 
parts of the body, including the blood-plasma itself. The pur¬ 
pose of this albuminous haemoglobin, which I have termed 
‘^adrenoxidase,” is to supply oxygen to the tissues and to the 
blood. Important in this connection, however, is that this 
adrenoxidase gives the reactions and presents other charac¬ 
teristics of a familiar agent in the classic immunizing process, 
the immune body or amboceptor. 

The active participation of the adrenal secretion in the 
defensive function suggests itself when the connection between 
oxidation and fever is recalled. Adrenoxidase being the active 
a^nt in all oxidation processes, and being capable of raising 
the temperature, we have a clue to the identity of one of the 
most important of the symptoms we meet on all sides, and 
the actual nature of which has not, so far, been explained, 
namely, fever. Indeed, as stated by Lazarus Barlow*: “Even 
if we grant that fever is beneficial, we are completely ignorant 
of the manner in which it acts.” 

We may speak of neurogenic fever caused by injury to 
the corpora striata; of aseptic fever due to crushed tissue; of 
infective fever caused by certain pathogenic organisms or their 
toxins, or of hyperthermia, and of the nature of the substances 
that are oxidized, but the identity of the oxidizing agent, the 
deus ex machina in all these types, has remained obscure. This 
is the feature of the problem which, from my viewpoint, the 
adrenal secretion, converted in the lungs into adrenoxidase, 
supplies. 

Barlow writes, moreover: “Experiment seems strongly to 
support the view that hyperthermia has a curative action, and 
thence it is but a short step to considering fever as beneficial. 


■Bartow: “General Fatlwloix/’ Sd ad., p. 416 , laoi. 
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luid as eyidence of the setting in motion by the organism of 
une of its defensive mechanisms. And certainly in pneumonia, 
erysipelas, cerebrospinal meningitis, typhoid fever, the prog- 
uusis is better if the patient’s temperature is moderately high 
than if it is definitely low.” Now, we have seen by tiie labors 
of Albanese, Abelous. and Langlois, Charrin, Oppenlieim, and 
others that the adrenals also enhance tlie defensive power of 
the Iwdy, thus combining the production of fever with tlie 
beneficial action. That Halpem*' regards adrenalin as an anti¬ 
gen also suggests some immunizing functions. 

ThyroparoAhyroid Apparatm .—The thyroid gland and tlie 
parathyroid glandules, which constitute tins apparatus, pro¬ 
duce secretions wliich, on passing out of the lymphatics (into 
which they are secreted), enter tlie left subclavian vein, and 
become merged into a single substance. Passing then into the 
blood of the superior vena cava, tliis secretion is carried to 
the lungs, and on reaching the air-cells is taken up by the red 
corpusclM—along with the oxygenized adrenal secretion. A 
salient feature of the immunizing process appears in this con¬ 
nection, viz., tlie thyroparathyroid product is also secreted by 
the red corpuscles into the blood and tissues, and by acting 
directiy upon the phosphorusi which tlie nuclei of all tissue- 
cells, pathogenic organisms, etc., contain, increases their in- 
fiammabilily, *.e., their sensitiveness to oxidation. As such, it 

acts both as opsonin and aggluiinin. • 

The thyroparathyroid secretion taking part in tissue oxi¬ 
dation witii the adrenal product, it becomes also, logically, a 
normal participant in the production of fever. Now, this is 
so striking a feature of thyroid functions that the thyroid 
gland has been associated with the production of fever by 
Lorand and other authorities on the ductlras glands. Ijoraiid 
urges in this connection the various manifestations of the 
febrile state, elevation of the -temperature and Uic sensation 
of heat observed in Graves’s disease, due, as is well known, to 
excessive activity of the thyroid and many other p enomena 
peculiar to the febrile state. “Botli in Graves’s disease and 
fever,” he writes, "there is an augmentation of the processes 
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of oxidation.” Again, as previously shown, thyroid feeding causes 
febrile phenomena, i.e., a rise of temperature of several de¬ 
grees, both in man and animals, as shown by the researches 
of Ghantemesse and Marie, Ballet and Enriques, Boumeville, 
and others; it increases the intake of oxygen and the output 
of carbonic acid, the output of sodium chloride, phosphoric acid, 
etc. Finally, operative or morbid arrest of thyroid functions 
causes hypothermia. 

Once more, and in keeping with Barlow’s remarks con¬ 
cerning the beneficial influence of fever, do we find the thermo¬ 
genic properties of the thyroid associated with marked de¬ 
fensive or immunizing activity. Besides tlie evidence to this 
effect I have already offered (see page 1C3) may be mentioned 
the protection it affords against toxic products of protein de¬ 
composition noted by Breisacher*—as far back as 1889, and 
by Blum,® Galeotti, and lindemann^—and others. The in¬ 
creased vulnerability of myxoedematous subjects to infection, 
the rapidity with which thyroidectomized animals succumb to 
practically any infection that happens around are now familiar 
clinical facts. In his recent work, Swale Vincenti* states 
that “it may be supposed that the function of the internal secre¬ 
tion is to prevent poisoning by the products of body metabolism 
or by infections from without.” My opinion that the thyropara- 
thyroid product is what Wright has termed “opsonin” has been 
sustained, we have seen, by .the investigations of Marb4, Malvoz, 
Stepanoff, and others. 

The Pituitaby Body as the Skat ok the Ihmdnizino 
Centkk. —Considered in connection with immunity only, the 
pituitary body contains, from my viewpoint, a center—^the im¬ 
munizing center—^located in the pars intermedia (between the 
two lobes) and connected with the adrenals and the thyropara- 
thyroid apparatus by nerves. Through these nerves the immuniz¬ 
ing center governs the functional activity of these two sets of 
organs, and, therefore, the production of adrenoxidase (ambo¬ 
ceptor) and of thyroiodase (opsonin and ag^utinin), besides 
general oxidation. As such, the immunizing center is also the 
heat of fever center, the febrile state indicating that one or 

■ Breliaolkw: Areb. fSr Anat. u. Pbyilol. Supp., p. t0(, un. 

■Blnin; Arcblv f. d. Om. Ptaratol., p. SIT. UOl 

* Llndamanii: Vlrahow’t Archlv, p. Ira, IWT. 

**8«ala VlBoant: “Intarnal Seemlona aad the DuetleM Oiandi.'’ p. XI. 
Xiondea, mi. 
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more pouona are present in tlie blood which this dual center is 
antagraudng through its militant agents, the thyroparathyioid 
apparatus and the adrenals—and also indirectly, as we shall see 
later, through the phagocyte. 

fo interpret this process intelligently, I will submit, as was 
done in the cases of the adrenals, the thyroparatbyroid, and the 
pituitary, an outline of the main features of the evidence I have 
to offer, referring the reader to the second volume for a detail 
study of the whole question. 

Of fundamental importance in this connection, is that 

The piiuiiary body of all animah, from mollusks to man, 
contains a sensory organ which structurally resembles the nasal 
olfactory tnembrane. 

Julin* urged, in 1881, that in ascidians the siibncural gland 
(conjoined to the nerve ganglion which 1 assimilate to the 
posterior or neural lobe’) was the ancestor of the pituitary body 
of vertebratre. Lloyd Andriezen* confirmed this view after a 
comprehensive study of the organ, from amphioxus to man. 
Personal work in the same line led to a similar conclusion. Now, 
at least as low down as mollusks there exists in the correspond¬ 
ing location a patch of epithelium, which Spcngcl has termed 
“the olfactory organ,” and Ray Lankester*® the “osphradium.” 
Unaware of the connection between this structure in ancestral 
forms and the pituitary, Peremeschko,” Muller,and also 
CadiaU* described a cleft between the two lobes of the latter 
organ, the walls of which they found to be linetl with epithelium. 
The structure of this epithelium was only made clear, however, 
whmi the Golgi method was available. Gent^** then found that 
it was merged in the partition (the pars intermedia) separating 
the two lobes, and that it contained elongated ner\'e-ccllB which 
sent their neuraxons into the posterior lobe, and thence to the 
base of the brain. According to Gent^s, these cells recall exactly 
the sensory elements of the nasal olfactory membrane. Caselli 


* JoUb: “necberchea sur rorgsnii Am aaciacs Arch, de blol., il. 

PP. IS, lU, ISSl. 

* Llojrd AadrlMwa: Britlsb Madleal JonnuU. January U. UM. 
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also found senaory elements in the pituitary of higher animals, 
while Boeke” and Gemelli** discerned them in the pituitary of 
MeB. A personal distinctive study of this organ from the true 
olfactory apparatus has shown, moreover, that the former could 
be traced down to lower forms, gradually receding in importance 
until the patch of epithelium ''supplied with a special nerve and 
ganglion,” as Bay Ijankester describes it, in mollusks is reached. 

Suggestive in this connection, as a feature of the immuniz¬ 
ing process, is that 

In ancestral animals the “test organ'* serves Jo test the 
purity of the sea water ingested hg them. 

Spengel’s olfactory organ. Bay Lankestor’s osphradium, has 
for its purpose, aa'ording to zoiilogists, to test the respiratory 
fluid. In. amphioxus, the lowest of vertebrates, similar protec¬ 
tion is afforded by what Willey” describes as a "vestibule richly 
provided with sensitive cells,” and by Andriezen as a "nervous 
organ” which "serves to test the quality of the water which 
passes over the respiratory organ.” 

That a corresponding autoprotective function exists in the 
higher animals, including man, is not only sustained by consider¬ 
able evidence, but a solid foundation for the whole scheme is 
afforded by the fact that the blood of these higher animals is the 
physiological and qualitative homologue of sea water. Claude 
Bernard” taught forty years ago that "the blood is an internal 
medium in which, anatomical elements live as do fishes in water.” 
Een6 Quinton”,showed that our plasma was a fluid which chem¬ 
ically, in so far as the relative proportion of the various elements 
was concerned, corresponded with sea water. A. B. Macallum** 
also holds that both animal and vegetable protoplasm derive their 
relations to the elements sodium, potassium, calchun, and magne¬ 
sium from the composition of sea water which obtained when all 
forms were unicellular. The labors of Bunge,** Jacques Loeb,** 

w Seeks: Anat. Am., n, p. 17, INI 

>* Oemeilt: Jonr. de I'anat at da la phyaiol., OA rear. No. 1, INC. 

” Wilier; "Ampblozui and the Anoeat^ of Vertebrates," p. U, ISM. 

u Claude Bwnard: "Lecoaa aur lea proprldtda dea tlaaua Tiranta.." op, K-fiS, 
1866. 

" Read Quinton: Paris Corrsapondent, Lancet, April 16, 1804. 

*lfacalluin: Trans. Canadian Institute, p. 181, 1808-4. 
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Burling, vp. 101, 108, 1901 
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MatthewB, Fisher, Overton,®* and others have all contributed 
testimony to the solidity of this view. 

Considered in the light of the anatomical connections of the 
pituitary with the thyroid and adrenals, and the functions I have 
ascribed to tliese organs, the conclusion seems warranted that 
In the higher animala, mclnding mm, the "teat organ" teats 
the purity of the qualitative homologue.of sea water, the blood, 
for toxic substances and, where possible, causes destruction of 
these substances. 



Fig. 1.—PrruiTART Body, Containinq Imkunizino Cbntbr (Mml- 
■chematle). a, anterior lobe; b. arteries and, d, arterioles; r, course of blood 
diffused through sinusoidal capillaries of epithelium; e, cleft Into which con¬ 
tents of blood-cells (colloid) and cellular detritus are drlTsn, and whence they 
pass into lymphatics; f, sensory test organ (immunising center) excited by 
colloid when the blood (and therefore the colloid) contains certain poisons; g, 
posterior pituitary containing origin of paths to adrenals and thyroid; A, tuber 
clnereum, showing secretory path to adrenals and thyroid; i, retro-optic nucleus 
which transmits, /, sympatheUc Tasoconstrlctor nerves to various organs, 
including the thyroid. 


We have only to analyze the pathogenesis of the convulsions 
that follow removal of the pituitary to realize that the rdle of its 
test organ is also to prevent general intoxication in the higher 
animals, including man. This procedure, as observed by 
Marinesix),** Vassalc and Sacchi,®* Masay,®* and others, produces, 
as Schafer*® expresses it, “muscular twitchings and tremors 
developing later into spasms.” This exemplifies the familiar 
convulsions caused in children by autointoxication; those ascribed 


"Ovarton: Thld., er, p. 178, 1904. 

** Marinaaco: C. r. da la Soc. da blol., p. GOB, 1892. 
"Vasaala and Baechl: Arch. Ital. dl blol.. zxll, p. 183, 1896. 
** Maaay; fjor. eit. 

** Bchifer: "Taxtbook of Fhyalology,” I, p. 948, 1888. 
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to tetanotoxin; those of puerperal eclampsia which Williamson/" 
Grandin,** and others ascribe to poisonous substance circulating 
in the blood; those provoked in animals by Herter,*® Krainsky/* 
and in man by Ceni** with hypertoxic serum derived from 
epileptics, a fitting corollary for Pierce Clark’s"* conclusion, based 
on a study of 150,000 epileptic seizures, that "we must sbe the 
pathogenesis in an initial toxin or autointoxication.” I have 
urged in this connection, and others besides myself have found, 
that in appropriate cases of epilepsy, those in which the thyroid 
is inadequately active and in which gliosis has not been given 
time to develop, thyroid extract proves effective in arresting the 
paroxysms. Need I refer to its corresponding action in the 
convulsions—of both tetanic and epileptic type—^that follow ex¬ 
tirpation of the thyroid and parathyroids? Here there is directly 
introduced into the blood the agent which sensitizes the toxic 
wastes and renders them vulnerable to the destructive action of 
the other defensive substances. 

Tub Mode oe Action of the Immcnizino Mechanism 
AND THE Genesis of Fevkb. —In view of the foregoing facts, 
physiological, clinical, histological, and zoological, the introduc¬ 
tion of a toxic into the blood should, by e.\citing the test organ, 
awaken the defensive resources of the body to action through 
the intermediary of the thyroid apparatus and adrenals. Crucial 
experiments are available to show that such is the case, i.e., that 
the test organ when excited by a poison stimulates the adrenals 
and the thyroid apparatus and thus induces destruction of that 
poison, and, moreover, that when the test organ cannot transmit 
its impulses to the adrenals and thyroid the autoprotective 
process does not manifest itself. These experiments were those 
of Sawadowski*® and of other investigators referred to below.. 
Th^ indicate, when explained in the light of my views, that 

Fever ie the physiological expression of the defensive 
mechanism when a toxic capable of exciting the test organ is 
present «n the blood. 
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I Mye urged that tlie pituitary contained the heat center, 
and that it produced a rise of temperature through the inter¬ 
mediary of. the adrenals and tliyroid. The test organ is evidently 
closely connected with the heat center, for the protective process 
it awakens when certain poirons occur in the body is a rise of 
temperature. Now, Sawadowski noted, after injecting putrid 
substances into the blood, and in accordance with familiar experi¬ 
ence, that it caused fever, even after the cerebrum had been 
removed from the' midbrain. He found, moreover, that anti¬ 
pyrin controlled this fever. But his experiments revealed an 
important fact, viz., that section through the optic thalanii or the 
posterior edges of the corpora striata (whicli, from my view¬ 
point, also severed the nerve paths from the test organ or heat 
center to the adrenals and thyroid) preveuted these effects. 
‘*After these sections,’* he writes, “neither the putrid materials 
nor the antipyrin exerted any influence upon the temperature. 
The sinking of the temperature was not arrested by the putrid 
substances.” The last statement refers to the fact that, notwith¬ 
standing the presence of putrid substances which had caused 
fever, the temperature steadily went down—after the operation 
—^from 38.1* C. in the colon to 31.4* C. Tliis recalls the steady 
decline that occurs after removal of the pituitary. Ott and 
Scott** also found that the marked rise of temperature that fol¬ 
lows the intravenous injection of heintetrahydronaplithylamin in 
normal rabbits did not occur after tlicy had transected the base 
of the brain behind the tuber cinereum. 

The heat, or thermogenic, center thus influenced cannot be 
located in the cerebrum, for we have seen that removal of this 
organ does not affect tlie temperature. Nor can it be located in 
the optic thalamus or the corpus striatum, for Ott and Harris** 
provoked the typical rise of temperature by puncturing with a 
needle, through the mouth, “only the lower surface of the tuber.” 
Its true location is .shown by the fact that Ott found a thermo¬ 
genic center in the anterior portion of the floor of the third 
ventricle, ».a., immediately above the pituitary. Moreover, it is 
pneiaely traversed by the nervra which Andriezen, Oentte, 



aaa.BSnla: 


Joor. of Bsper. Med.. Novesiber, UOT. 
Tkerap. Chu., June 16, UU. 



630 


INTBBNAL SECRBTIONS AND THB LBUCOCTTBS. 


Jori^ and others traced from this organ, and which Andriezen 
followed to the region of the pons. 

Under these conditions, however, transection of the pons 
should also have prevented the thermogenic action of putrid 
materials in Sawadowski’s experiments. Such proved to be the 
case. Of this experiment, carried out with the aid of Pawlow, 
Sawadowski writes: “Following out Ischetschicliin’s method, a 
diagonal section was made through the pons Varolii. When the 
section was complete, free from hmmorrhage or of any condition 
which might excite the surface of the cut tissues, a gradual 
diminution of the temperature occurred in the rectum and be¬ 
tween the toes. In one experiment, for example, in which tlie 
preoperative temperature was 38® 0. in the rectum, and 34.5® C. 
on the skin, nine hours after tlie operation the first liad fallen 
to 27* and the second to 25® C.” This applies as well to the 
spinal cord; “when the section was made quite high up,” he 
says, “no rise of temperature could be obtained with putrid 
material^ nor did the antipyrin lower it.” 

In the portion of the cervical region, however, he found that 
transection of the spinal cord did not completely prevent the 
influence of either the putrid materials or the antipyrin. But 
we have in this paradoxical phenomenon only confirmatory 
testimony to the presence of a nervous connection between the 
pituitary and the thyroid apparatus, for in these “low sections,” 
as he terms them, he severed the cord below the origin of the 
nerves to the thyroid, thus leaving untouched the nerves which 
connected it with the pituitary and its test organ, though sever¬ 
ing the path to the adrenals. What effects were obtained were due 
to the thyroid apparatus, which remained under the influence of 
the test organ, and therefore of the thermogenic poison and 
antipyretic. 

These experiments speak for themselves—especially in view 
of the fact that Sawadowski mentions among the concomitant 
effects of his sections “disorders of respiration and circulation,” 
and also blueness of the blood—obvious evidences of defective 
oxygenation. Added to the foregoing evidence, they seem to me 
to warrant the following general deductions:— . . . 

1. Man, in keeping with many animals lower in the phylo¬ 
genetic scale, is supplied with an auioprotective mechanism. 
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2. This mechanism includes: 1, ihe immunizing center, 
an organ of special sense annexed to the heat center, both centers 
being located in the pituitary body; J, {he thyroparathyroid 
glands; S, ihe adrenals, and, Jh, special nerves which connect the 
immunizing center (or overaciive heat center) with these two 
sets of organs. 

5. The immunizing center, which governs the autopro- 
tective mechanism, is the developed "osphradiuni” or "test 
organ** described by zoologists in moUusl’s and certain ancestral 
vertebrates. 

Jh. While ihe osphradium of primitive animals tests their 
respiratory fluid, sea water, its prototype, the immunizing center 
of higher animals, including man, tests the blood, also a respira¬ 
tory fluid and a qualitative honiologue of sea water. 

6. When the functional activity of the immunizing center 
is increased through the presence in the blood of some toxic, i.c,, 
wastes, toxins or endotoxins, mineral and vegetable poisons, 
certain venoms, drugs, etc., capable of exciting this center, it 
stimulates correspondingly the heat center and thus awakens the 
immunizing process. 

6. Fever indicates thai the autoprotective mechanism is 
active. The rise of temperature is due to the increased produc¬ 
tion of thyroparathyroid and adrenal secretions, and ihe resultant 
increment of metabolic activity. 'The immunizing process is a 
consequence of this hypermetabolism, all the immunizing agents, 
plasmatic and cellular, being produced in greater quantities. 

But Lazarus Barlow states we have seen—and he is amply 
sustained, I may add, by the teachings of clinical experience— 
that “in pneumonia, erysipelas, cerebrospinal meningitis, typhoid 
fever, the prognosis is better if the patient’s temperature is 
moderately high than if it is definitely low.” This is met by the 
interpretation of the febrile process I submit in the next 
conclusion:— 

7. Absence of fever in a toxoemia of any kind is due to 
inability of the immunizing center to react under the influence 
of the toxic, owing to deficient sensitiveness (inherited or ac¬ 
quired) of this center, or to the fact that the toxic is itself a 
paralyzant or ancesthetic of its sensory elements. 



682 INTBRXAt SBCttBTIOKS AND TUB LBUCOcYTBB. 

On the other hand, every practitioner ia aware of the 
dangers of hyperpyrexia. This also finds its normal explanation 
in the terminal conclusion that:— 

S. Excess of fever {above 106^ F.) is due to excessive exci- 
tation of the immunizing center and a corresponding overpro¬ 
duction of defensive bodies. This condition exposes the red 
corpuscles and the endothelial cells to proteolytic destruction 
{hemolysis and autolysis) along with the pathogenic substances 
or bacteria.*^ 

CoNCLDDiNO IIemahks. —Such are the facts which have led 
me to believe that the human organism is supplied with an auto- 
protective mechanism. Its functions, I may add, harmonize 
with the views of the modem biochemist who has found that in¬ 
creased metabolism is a characteristic of the febrile process; 
they also coincide with the observations of the bacteriologist 
that, while most pathogenic bacteria thrive at the normal tem¬ 
perature of the body, they promptly die when it is raised several 
degree. They account for tlie teaching of clinical experience 
that a higher mortality occurs in apyretic cases than among 
those in which the febrile process had been active. They explain 
the harmful influence of hyperpyrexia, since excessive immuniz¬ 
ing. activity means proteolytic destructions of the blood-cells 
(hsemolysis) and even of tissue-cells (autolysis) besides the 
pathogenic agents themselves. 

In the practical flcld, personal experience sustained by that 
of many colleagues who have carefully studied my doctrines has 
shown clearly that these embody the lever through which we 
can overcome infections. We need only analyze the beneficial 
action of vaccine therapy, of antitoxin, of drugs such as mer¬ 
cury, the iodides, and other so-called "alteratives,” to recognize 
that their tendency, in therapeutic (non-toxic) doses, is to raise 
the temperature — ^phoof that the immunizino pbocebs is 
AOTIVK. 

Yet, as is well known, tire autoprotective resources of the 
body do not depend only upon the germicidal and autotoxic 
constituents of the blood-plasma. Indeed, they could not be 

■'The pluinc of enlmale In tiie heated chamber to determine the tnauenee 
of high temperatnrea on the corpueclea la a uaelees and mlaleading experi¬ 
ment, aince the proteolytic ferment, the active agent In the proceaa, la not 
Increased.—8. 
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carried out without the potent co-operation of the phagocytes, 
the importance of which in immunity has been revealed to us 
through the genius of MetchnikofF. 

To obtain an idea of the relations of the internal secretions 
with these defensive cells, we should have at least an idea of 
their relations with the ductless glands, the manner in which the 
vital process is sustained in them, and the r61e each type of 
leucocyte fulfills in this connection. 1 know of no work in 
which these features are Btudie<l and must, therefore, build up 
the whole framework of the process, and thus try, at least, to 
ascertain the nature of the connection between the immunizing 
process as I have described it in the foregoing pages and the 
functions of the phagocytes. 

THE LEUCXXIYTE IN ITS RELATIONS TO NUTRITION, ORGANIC 
FUNCTIONS, AND IMMUNITY. 

■Before inquiring into the physiological functions of each 
of the various varieties of white corpuscles, or leucocytes, it 
was deemed advisable to study the cell as a unit, and par¬ 
ticularly the functional attributes of its main component struc¬ 
tures: (1) the nuclear and cellular reticulum or mitoma; (3) 
the grannies. 

The Mitoma. —Alluding to basophilc leucocytes, Howell”* 
states that the nucleus “is divided into lobes that arc cither en¬ 
tirely separated or are connected by fine protoplasmic threads.” 
This is well illustrated in the annexed plate from a valuable 
study of the subject by G. Jj. Qulland,*" by Fig. hi a hyaline 
leucocyte from a newt’s blood. These cells are undeveloped 
and their protoplasm doM not as yet show “threads.” But 
their nucleus is clearly supplied with them even at this early 
stage—a feature which suggests that the nucleus is an au¬ 
tonomous structure. This is further sustained by the pres¬ 
ence, in the perinuclear portion of the cell, of a small body, the 
astrosphere, shown in Pig. 7, another undeveloped, or “hyaline,’ 
cell. This astrosphere is likewise present in fully developed 
leucocytes, os may he seen in Pigs. 10, 12, and 1(5. Each cell 
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tmT ftubctieiM oraters, each 
iteof fibers or tiaeads. > 

Hddenbsb^ is stited by GnUaod to haye found that “the 
graaolea an Arranged rad^y to the asfenspbere^ with the 
ttBaUdst grmtilea next the splum, the largest at the penplnty.” 
This is exempUflid with especial clearness in Figs. 10 and 16, 
and if the threads, or fibers, an traced from the center of the 
astros{diOTe, the gradual increase in size of . granules as the 
peri]dieiy of the cell is approached is cleariy indicated. Hei- 
denhain also ccmclude^ a featnn fully confirmed by Qulland, 
that ‘*there are nerar. any gzanulee .within the astrosphen -it- 
.sdf.”:r It thus becomes erident tlm^ white the nucleus is an 
autonomous structure, the same may be said of the astroqihere. 
In other words, a leucocyte semns to be supplied with tiro in- 
diridual, though doubtless correlated, functional systems: (1) 
the nudeuB per ee, which (Hmtains a net>work of fibrils and 
grannies; (2) the astrosphere, whidi represents the center of 
the cellular net-work of granule-laden fibrils. * 

As may be sCem in the numerous cdls represented in 
Gnlland^s plate, which cells have been drawn by him with the 
utmost care and fidelity to microBC<^ic appearances, the fflMrs 
in the nucleus divide the latter into several irr^olar aySas, 
while the radiating net-work of which the astrosphere is the 
center- forms relativdy regular spaces. The fibers in both 
structures run to their external boundaries, however, predsely 
as if they were attadied to the external limiting membranes of 
eadi. And yet the nucleus alone seems to be supplied with 
such a nsnnbrane, while the surface of the cell is not. A 
prominent feature of these cells is the fact that their proto¬ 
plasmic exterior is absolutely bare. 

After a study of the characteristics of the gnmules, 6ul- 
land writes: ^"The granules of leucocytes are therefore. «0f 
products of the metabolic activity of the cell imbedded in a 
structureless protoplasm, as was hitherto supposed, but represent 
an altwed conditira of the mimsomes [the granules]. They 
always form ‘part of the cytomitoma [the net-work of fibers] 
•id are tho^ore pZasmaftc, and not parapiaatic. They are 
probably concerned with amcsboid movement; and they and the 
. rest of tin mitoina im more vMble i&e moie active the celL” 










fh(^, u« ple&iifid 

lUrawiM; in fui^ in ^ 
ibe ceniroaphen^ liie 


latter €b^.:^' 
portion 

' lit ^ jpnW^^ 1^ •’.«., formed by aubeteneet 

derived teote ^^e pl(un|a> bov doea the latter reach the minute 
areas ut gra&nlea are formed? Channela seem to me 

abaolntdy neoteeary f^r the paaaage of the blood-plaama, ita 
alkaline phoq)hatea, aid other plaamatic aalta from whidt the 
grannlea are fmrmed. 

Hie prevailing vmw that the threads (mitoma) are oon« 
cemed with the amoelmid movements of leucocytes, as dao in¬ 
ferred by Gulland, is 1^ no mean^.it seems to me, i^eompediUe 
with the pdasibili^ of thmr being plasma^hanneli^ Qr\fdierent 
ftMiftliflnli. Indeed, their elasticity does not dimihlKte .m poll- 
aibiUty of their b^g tabular, while their extenskm ehd re¬ 
traction may> as in the awefit-glandB, afford the - mech a n i cal 
elements of an expulsive process. "It is certainly interesting 
to note'tho^ the more active the cells of tiiis series become,** 
writes QuUand, referring to the acidophile (phagocytic) leuco¬ 
cytes, *Hhe more visible , become their mitoma and the micro- 
somes whidi form port of it. The lymphocytes in which no 
mitnpia can be seen are.practically nmi-emoeboid. The hyaline 
cells in which it is not very evident move but sluggishly. The 
oxyphile with a w^-merked mitoma and micn^mes, 
move more .rapidly, and the eosinophile oeUs, whose jmiioma 
and inieroainneB are the most visible of all, mcye most ttpi^»** .. 
Agein, he s^^t "It is cmtain that the length of thre^ 
between the mietosonieB varies immensely in differat patte.cd 
the 01 ^ and dm ^ort threada ore usually the mote &eply 
stained;. 90 that it looks as ihoiti^ th^ wew coniraetfd. and 
therefmwrjp^sniNf. On the other hand, the micreeomes (d tkf 
periphery Are, genially q>eaking, the largest, and there ott ^ 
no it- is tlw-.-eireiimferaioe of the cell which moves 

most imd' moM fmrdmst.** r^rds the basophils leuooeytes, 
he states ^ fsr os one can jndge from fixed specimam, 
the larger bMf^hne cells seem to have more power of move- 
m«it -^istt the smaller ones^—a ■feature easily accounted for, 
ate not teKteridda;^ as^ tl^; sda^hilo leucoiytte. 
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It eeema probable, however, that in both acidophile and baso- 
phile cells the fibers take part in tHe mechanism through which 
they travel in the plasma, while contraction, thickening, etc., 
i.e., the elements of a suction or expulsion process, are present 
to suggest the identity of the mechanism to which they owe 
their powers of locomotion. 

Basophile leucocytes arc not phagocytic; they do r.ot, 
therefore, ingest foreign substances as do the latter, i.e., by in- 
globing them. They must, therefore, be provided with a dif¬ 
ferent mechanism for this purpose. If, in accord with my view, 
the mitoma represents a system of centrifugal canaliculi, it 
cannot serve for this purpose. Indeed, the external agencies 
penetrate the cell to the nucleus itself. Thus, W. R. Stokes and 
A. Wegefarth,®" alluding to the researches of Bail,®" say: "After 
injecting virulent staphylococci into the pleural cavity of rab¬ 
bits he found that the leucocytes underwent a characteristic 
change. They formed round, empty bodies, containing several 
vacuoles in the nucleus" 

How did the virulent staphylococci reach the nucleus’s 
vacuoles? Metchnikofl’s plate (opposite page 692 in this vol¬ 
ume) will assist us in elucidating this question. It not only 
forcibly illustrates what this distinguished zoologist sought to 
show, but likewise, it seems to me, a mechanism of ingestion, 
differing somewhat from the recognized “ingulfing” or "inglob- 
ing” process through which phagocytes take up germs, small 
particles, etc. An example of this mode of appropriating vari¬ 
ous plasmatic or foreign substances is illustrated in Fig. 5, 
which shows bacteria penetrating, from various directions, into 
the cell-wall, while Fig. 16 shows the bacteria within the peri¬ 
nuclear vacuole. As all the cells in Metchnikoff’s plate are 
phagocyte , the mechanism of ingestion to which I refer is 
not only that of basopliiles, but is obviously a feature of all 
leucocytes. 

The fact must be emphasized that I say “perinuclear” 
vacuole, and not “nuclear” vacuole, for, if this and the other 
germ-laden cells just referred to are carefully examined, it will 
become evident that the bacteria lie in a pocket contiguous to, 

•W. R. Stokes and A. Weaefartk: Bulletin of Johns Hopkins HosplUl, 
Dec. 
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iiiit not forming part of, the nucleus itself. I would not say, 
tlierefore, with Bail, “vacuoles in the nucleus,” but vacuoles 
around the nucleus. Indeed, Gulland refers to Heidenhain as 
considering that “the nucleus lies free in the intcrfilnr spaces, 
and is not organically connected with the cell-substance.” This 
is quite in accord with my view, and it seems to me that it 
represents the cavity into which bodies ingested by leucocytes 
normally arrive, though smaller vacuoles arc likewise present 
in the cytoplasm. 

The actual presence of this ])erimu:lear vacuole from 
which canaliculi would start appears to me indicated in several 
' of jthe figures in the annexed Gulland's plate. Fig. 8, for in¬ 
stance, stained with iron-hseraatoxylin, shows that the nucleus 
is surrounded by an irregular limiting material of some kind; 
but if we compare the outline of this limiting substance wiUi 
that of all the succeeding cells, an interi»sting feature asserts 
itself, viz.: its thickness is extremely variable. Although 12 
may be said to be moderately regular, the others, in the fol¬ 
lowing sequence: 11, 10,13, 8, 9, and 14, are increasingly irreg¬ 
ular. If, now, this irregularity itself is scrutinizwl, a significant 
fact is revealed: i.e., the bulges, or projections, in the limiting 
structure are all at the expense of tlic nucleus. In Fig. 9, for 
instance, just above a clover-like figure near the center of the 
cell (probably the astrosphere), the marked bulging sliows every 
evidence of having been formed by a substance wiiicii had com¬ 
pressed the nuclear substance inwardly. The stages of this 
(impression arc exemplified in MctchnikoiTs plate, by Figs. Id 
and 15, successively. In the former a single mass of liquid and 
germs is seen to have indented the center of the nucleus on 
one side, while in the second figure three cavities are shown 
which have distorted it. (Thu iiucicus is indicated l)y an «.) 
In both, however, tlic compression has exceeded the normal 
boundaries of the limiting structure, and centrifugal bulging 
has occurred at the expense of the perinuclear protoplasm or 
cytoplasm. So marked has this become in Fig. 14 that the 
nucleus is not discernible. 

The identity of the mitoma as a system of canaliculi sug¬ 
gests itself in another way. I have shown that the axis- 
cylinders of nerves, neuroglia fibrils, etc., contained blood- 
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plasma. Such being the case, if the fibers or "threads” in leuco¬ 
cytes are likewise plasma channels, they must stain, as do the- 
former, when treated to various dyes. We have seen (page» 
641 to 543) that methylene*blne delved in salt solution and 
injected into the vessels of a living animal colored the axis- 
cylinders blue, according to Ehrlich, and that this investigator 
defined the conditions of nerve-structure essential to the 
methylene-blue reaction as "oxygen saturation and alkalinity” 
—^the very attributes of blood-plMma. Beferring to the vari¬ 
ous stains used by him, Gulland says: "In examining the baso- 
phile cells I used almost entirely various methylene-blue solu¬ 
tions,” and, later on: "The basophile cells of the dog’s 
intestinal villi, when fixed with absolute alcohol and stained with 
alcoholic methylene-blue, give exactly the same results, as to 
mitoma and granules, as other basophiles.” Evidently, as re¬ 
gards the methylene-blue stain, nerve-fibrils and mitoma (my 
canaliculi) are similar. Again, besides the plate reproduced 
here, Oulland presents two colored plates, in which the char¬ 
acteristic afSnity of each cell for stains appears; the six basophile 
leucocytes stained with methylene-blue (normal) distinctly show 
that structures which stain most deeply are the chromatic, M., 
the nuclear mitoma; then, more faintly, the cellular mitoma. 
It seems clear that, as regards methylene-blue stain at least, the 
conditions are similar to those of nerves as far as the mitoma— 
or canaliculi—are concerned. 

The same correspondence exists between nerve-fibrils and 
the mitoma when hsematoxylin is used. .We have seen (page 
536) that, according to McCarthy, the rods that project radially 
from the axis-cylinder "stain with carmine and hsematoxylin, 
which do not stain the myelin.” The fact that the axis-cylinder 
takes hi^atoxylin hardly needs to be emphasized, its use in 
histological laboratories when nervous structures are studied 
being second only to picrocarmine for general staining. A 
beautiful example of hsematoxylin-atained human cerebro¬ 
spinal and sciatic nerves is to be found in Clarkson’s "Histol¬ 
ogy,” page 204, for instance. All the eosinophile leucocytes 
shown in the annexed plate, in which the nuclear and the peri¬ 
nuclear granules and mitoma are so clearly defined, were stained 
with Hoidenhain’s iron-hsmatoxylin, which only differs from 
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the visual solution in that it colors the cellular elements tiiat 
take it a dark gray or black. This also shows that it is not only 
with the mitoma’ of baaophile leucocytes that the staining char¬ 
acteristics of nerve-fibrils— i.e., plasma-containing channels— 
coincide, but also with that of eosinophile cells. Even ApAthy’s 
fibrils are recalled by the effects of corresponding stains, for 
Senn writes," referring to the minute anatomy of the leuco¬ 
cyte : “The reticulated structure is well shown by staining with 
chloride of gold, which stains the protoplasmic strings, but not 
the interstitial substance.” It seems quite evident, therefore, 
that the mitoma, i.e., the intracellular and intranuclear net¬ 
works of fibers in maiure leucocytes, are camlicuU for blood- 
plasma. 

Fonctional Mechanism op the Leucocyte^ —have 
expressed the view that the nuclear canal iculi open into a 
vacuole which surrounds the nucleus (see Fig. 14 in Qullaiurs 
plate) and that the outer wall of this vacuole acts as terminal 
for some of the canaliculi of the cell-substance. Although, as 
suggested by Fig. 11, the canalicular orifices that open into 
the vacuole from both directions may correspond (the nuclear 
orifices being in that case opposite the cellular openings), such 
is by no means always the case. Indeed, in Pig. 16, for exam¬ 
ple, but two or three of- the external canaliculi seem to be con¬ 
nected with the vacuole, while this cavity serves as temnnal for 
all the intranuclear channels—^if such they are. 

Is the connection between this vacuole and the exterior of 
the cell direct or indirect: i.e., through separate channels lead¬ 
ing directly to the exterior or to those connected with the astro- 
sphere’s system? That the communication is independent of 
the latter is emphasized by the presence of granules in the 
path of all canaliculi, as shown in Gulland’s plate. A contin¬ 
uous function depending upon an inflow of plasma would ob¬ 
viously be in constant danger of arrest were the granular chan¬ 
nels centripetal pathways. Again, in all leucocytes, acidophiles 
as well as basophiles, the nucleus stains in the same manner, 
the granules alone, as we have seen, showing variations in this 
particular. The same may be said of the reticulum, for we 
have seen, by the staining reactions, that the compounds com- 


" S«nn: "Priaclplca ot Surgery,” 8d ed,. 1901. 
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posing the granules are batlied in oxidizing substance^ i 
udrenoxidaM. Tliis uniformity of nuclear and cellular fluids in 
the canaliculi suggests the presence of a very common mecli- 
auism—one, indeed, which must serve to eliminate its contents, 
judging from the fact already mentioned, that the intracellular 
granules increase in size outwardly, the largest gl^nules being 
at or near the surface. A common centrifugal canaliculai- 
system again suggests the presence of a system common to all 
leucocytes, whether phagocytic or not, for-the introduction (not 
necessarily of particles or other discernible agencies) of more or 
less liquid or viscid bodies required by the cell for its own nutri¬ 
tion, or connected with its own physiological functions: t,6., the 
elaboration of granules. The canaliculi serving only for the cen¬ 
trifugal elimination of the latter, the centripetal paths must 
penetrate to the vacuoles between the canaliculi, or 'threads,” 
as already explained, and as shown in Metchnikofl's plate, 
Fig. 6. We are evidently not dealing here with mere inclusion 
or pseudopodial flowing around the germs, for the latter may 
be seen to penetrate the cell between the granules, and, judg¬ 
ing from Figs. 13, 14, 15, and 16, directly into the perinuclear 
vacuole itself. 

Is tile cell supplied with centripetal canaliculi in addition 
to the centrifugal system which 1 believe to be represented 
by the reticulum? The fact that micro-organisms can pene¬ 
trate directly into the vacuole between the external layer of 
granules is not alone to sugg^t that such is the case, but the 
manner in which the leucocyte takes up stains likewise does 
so. As can readily be seen, the absorption of the dye by the 
cell occurs without involving any alteration of its shape which 
can at all be associated with the process. That the absorption 
cannot occur through tlie visible candiculi: i.e., those that take 
stain because they constantly contain fluid, is rendered very 
probable by the presence of the granules, which must entirely 
close their external orifices. It most occur, therefore, through 
paths presenting some analogy to tiie pores of certain singes, 
which allow the surrounding water to pass into the interior, of 
the sponge, so long as it does not carry any harmful products 
along with it (Metchnikofl). And yet the fact that such a sys¬ 
tem of channels does not exist is shown by the promiscuous 
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diiectioDS taken by bacteria in penetrating into the cell. In¬ 
deed, their bodies are not directed axially toward the peri¬ 
nuclear vacuole; they seem, once within the external layer of 
granules, to point in almost any direction. We are brought 
back, therefore, .to the soft, yielding, protoplasmic cell-sub¬ 
stance of the amceba, which will allow liquids to transude easily 
through it, and the more dense materials to cleave their path 
into it and down to the vacuole, without leaving a wound behind 
them. *^On introducing pigeon leucocytes dlied with anthrax 
(to which the pigeon is very refractory) into bouillon,” 
says Metchnikofl, **bacilli grow, ptcrce the protoplasm of the 
cells, and form well-developed filaments, allowing definitely 
that the bacilli were inglobed in a living condition.” We 
might say “ingest,” however, for the perinuclear vacuole asserts 
its identity as a digestive organ—^the familiar digestive vacuole 

_several ways: i.e., as a cavity in which all the materials 

that supply the cell with functional energy— i.e., with life— 
are drawn. 

Metchnikoff,** referring to the intracellular digestion to 
which amoeba submit the materials they ingulf, writes as fol¬ 
lows: “A closer observation of the group of protozoa compels 
us to the conviction that this digestive function must play an 
important r61e in the mutual relations of these lowly organ¬ 
isms. Many rhizopoda and infusoria live in media swarming 
with other unicellular organisms, including ■ bacteria. The 
latter,.which multiply very rapidly, serve ns food to many of 
the protozoa. Thus, various amoeb® devour bacilli, which un¬ 
dergo certain definite changes in the interior of the protoplasm. 
Without altering their shape, the bacilli acquire tbe ^wer of 
taking up solutions of vesuvin, which does not stain these 
microbes when living in their natural conditions. Since pre¬ 
cisely similar changes are also observed in the interior of vorti- 
cells and infusoria, which live on bacteria, it is evident that 
they are due to a digestive influence exerted by the contents 
of the protozoa.” This conclusion is in harmony with ihe oIh 
servation of B. Hofer^* on digestion in amoebE. This investi¬ 
gator has shown that “the more the food is altered in the in- 


, Metohnllroa: "LeeturM oa tbe ComperaUyeJE^olonr 
tmulmtea by F. A. aad B. H. Starllns. ro. M ' 
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tenor of these rhizopods, the more easily does it stain with 
uuline dyes.” When we consider that aniline dyes include 
methylene-blue, we have evidence, in .view of Ehrlichia observa¬ 
tion, that the ‘‘conditions essential to the methylene-hluQ imc- 
tion” are “oxygen saturation' and alkalinity,” that the proto¬ 
type' of amoeba, the leucocyte, must owe its nucleai; functional 
activity to the plasma as exogenous reagent. 

Metchnikoff further says: “We may often see flagellated 
monads taking up filaments of leptothrix several times as 
long as themselves, and finally inclose them in their digestive 
vacuoles.^* The process of ingestion is beautifully shown in 
the plate opposite page 692, in Figs. 19 and 20, the organisms 
here being spirilla of Asiatic cholera. “It is sometimes possible 
to follow all the changes undergone by the bacteria within an 
infusorium,” continues the same investigator, “hs in the case 
of the digestion by stentor of tlie sulphobac^'erium thiocystis, 
observed by le Dantec.”** . . . “It is evident that the di¬ 

gestive function of the protoplasm of the protozoa must hinder 
the invasion of these animals by the lower organisms, and it is 
only in certain special cases that the latter can live as parasites 
within the rhizopoda and infusoria.” 

The true identity of the perinuclear vacuole seems fur¬ 
ther emphasized by the following lines, also quoted from Metch- 
nikolFs text, that is to say, as interpreted by his translators; 
‘^he sponges are of such undifferentiated organization that 
they were long considered to be colonies of prot^a, consist¬ 
ing, like the protospongia, of separate flagellated and amoeboid 
individuals. Later on, it was, however, ascertained that they 
bore a certain relationship to the polypi and their allies (coelen- 
terata).” . . . “There are a few species, such as the 

siphonochalina coriacea, whose mraodermic cells alone inclose 
all foreign bodies, to that the cylindrical cells of the endo- 
derm merely serve to keep up the continuous-passage of the 
fluid through the sponge. The phagocytes of both layers have 
the power of rejecting insoluble matters, which collect in the 
larger efferent canals.” . . . “We are, however, chiefly 

concerned here with the fact that the mesodermic phagocytes 
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iire able to dige*i the aujMtances as well aa to inglobo them, and 
to reject the inaolnble reaidue ” 

The natnxe of the digeatiye process' has, however, remained 
obscnre. “The bacilli which have been inglobed by leucocytes,” 
i-ontinues Metdmikofl, “are much more rapidly digested in the 
case of that are either naturally refractory, as the 

dog and fowl, or have been rendered artificially immune against 
anthrax by vaccination, as the. rabbit. This fact is shown by 
the researches of Hess, as well as my own. It is easy to follow 
the digestion of many other microbes within the leucocyte. 
Vacuoles are often seen to form around the bacteria that have 
been swallowed, just iiB we have noticed in the digestion of 
nutrient material by the protoplasm-of the protozoa and the 
myxomycetes. I have been able to observe the changes under¬ 
gone by the spirilla of recurrent fever in the leucocytes of 
inonk^, as well as those undergone by the vibrio septicaeiftiie 
in the leucocytes of immunized guinearpigs, and those by ery-, 
sipelu streptococci in the leucocytes of man, etc. We are at 
present ignorant of the precise manner in which this digestive 
and destructive action is accomplished, and do not even know 
whether the substance which kills the microbes is a ferment' 
or not.” 

Before submitting this question to analysis the manner 
in which the products of digestion,, both the nutritional ele¬ 
ments and the excrementitious products, are disposed of must 
be ascertained. 

In the sponge the materials rejected by the phagocytes 
“and whieh collect in the larger efferent canals,” says Metchni- 
koff, are eliminated “through large apertures of erater-like 
shape, the walls of which, according to some authors, are fur¬ 
nished with muscular fibers.” What have we in the leueoeytes 
to fulfill this function: i.e., to represent what in the higher 
forms constitutes the intMtinal canal? This appears to me 
particularly well shown in several of the figures in 
land*B illustration. In Fig. 10, for instance, a few “fibers” 
—our canalicnli—may be seen to project from the inner wpect 
of the line which to me represents the practically empty side of 
the vacuole. The same arrangement is clearly to be seen in 
Figs. 11,18,13, and 16. 
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If- all the foregoing features are considered collectively, 
th^ suggest that:— 

1, Leucocytes can ingest solid, semisoiid, and liquid bodies 
through theu ceU-substance in two wags: (i) bg projecting 
pseudopodia which infold or inglobe them; (&) bg absorbing 
them without projecting pseudopodia. 

g. Solids an4 semisolids are mainig ingested bg infolding, 
and semisolids and lipids bg absorption; but all substances, with 
what plasma accompanies them, are collected in a vacuole that 
surrounds the nucleus and in which the latter lies free; and, at 
times, in the smaller vacuoles in the egtoplasm. 

S. What phgsiologicdllg useful bodies are formed in the cell 
are mainlg elaborated in the nuclear canaltculi and the perxnu- 
clear vacuole, and are collected in the form of granules in the 
canaliculi. 

h. All the functions of the cell are probahlg governed bg the 
astrosphere. 

The Qhanuum as Seobeeoet Pboducts. —Gulland refers 
to granules or microsomes in the following words: ‘*Ehrlich 
regarcled the seven varietiM of granules whidi he described as 
beih'g all formed by the cells, and as being either reserve mate- 
rial or products for excretion. Hankin [1892-93] took the view 
that the acidophiie granules w^ swretory products, contain¬ 
ing falexms,* and destin^ to be secreted into the blood or 
lymph.' Kanthack, Hardy, and Keng have taken much the 
same view of these special granules. Sherrington has thrown 
doubt upon it, and Metchnikoli disputes it and regarde the 
eosinophils granules as reserve material.” As viewed from my 
standpoint, the granules simultaneously represent reserve mate¬ 
rial and products of excretion. These processes are not the 
only ones, however, with which leucocytes are concerned. 

Bail, to whose investigations I have already referred, is 
also slated by Stokes and Wegefarth" to have observed that, 
afte^ the vacuole “in the nucleus” had formed, **010 granules 
^erally 'disappeared^” Furthermore, he noted that upon de¬ 
stroying the stSphylococd by adding ether, and diluting the 
centrifugaliaed sediment, the granules showed a dancihg mo¬ 
tion, and'-wete foea to leave the periphsrg of the cell and enter 

watokwTiuiS WafeCuth: £oe. eU. 
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the Burroundiilg medium. Evidoitly at least $ome of the gran¬ 
ules must have been ^dropped or ejected by the leucocytes, and 
their canalienli thus fteed of the impediment their 'presence 
constituted. 

This is sustained by a closer examination of the question, 
^the purpose of Stokes and Wegefarth’s paper, who used in 
their res^rches Mood taken from about five hundred persons. 
The granules, when observed by them with the aid of artificial 
light, ^^cesembled those of the eosinophilic or neutrophilic leu¬ 
cocyte.” Kept at the temperature of the room, the latter 
showed no activity, but exposure for an hour to a temperature 
of 35° C. caused them to become active. The following lines 
are quoted from their article: "At times the granular leuco¬ 
cytes become actively amoeboid, and the granules loithin the 
neutrophile exhibit a cliaracteristic activity which might be 
compared to the swarming of bees around a hive. The number 
of fine granules free in the plasma is perceptibly increased. 
The eosinophilic granulations also show a leas vigorous trem¬ 
ulous motion, and both, varieties follow the changes in the 
direction of the pseudopodia, the protoplasm being thrown out 
first, and the granules following. The characteristic dancing 
motion of tiie granules in the neutrophilic leucocyte can be 
brought out ve^ plainly by simply mixing the drop of blood 
with an equal amount of distilled water containing 1 per cent, 
of alcohol. The granules become very active and present a 
characteristic picture.” . . . 

"Can these granules be actually seen to leave the leucor 
cyte? It is certainly not easy to be sure, even after continuous 
observation for an hour or more, that one has actually seen one 
of these granules leave an amoeboid leucocyte. We think, how¬ 
ever, that wo have observed this phenomenon upon several 
occasions, both in fresh specimens of blood exposed to 35® C. 
and in blood to which 1 per cent, of alcohol has been added, 
farther on in their text they say: *‘Many fine granules can 
be seen in the clear plasma and around the neutrophile, and 
it would seem that occasionally a granule leaves the active 
leucocyte and becomes free in the surrounding fluid.” 

Bail's observation, however, that the granules actually 
leave the periphery of the cell has been sustained by other 
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obserrere, Qulland refers to this feature of the problem in 
the following words: “It has often been remarked that tho 
large cells show a great tendency to leave their granules behind 
them; thus, one might come on a group of .granules while the 
nearest cell was far away. BaUowitz was, I think, the first to 
declare that all or most of these groups of granules were at¬ 
tached to the cell by fine protoplasmic bridges. It is not al¬ 
ways easy to show this.” Gulland then says, referring to a fig¬ 
ure in one of his plates (not shown in that reproduced herein), 
in which the granules are evidently disunited from the cell] 
“In the cell shown in Pig. 31, which was so isolated that there 
conld be no doubt that all the granules represented belonged 
to it, no trace could be made out of threads extending from 
granule to granule. They are probably stretched too much 
to allow them to be visible.”. 

The absolute separation of the granules from the cell wit¬ 
nessed by Bail finds its complementary confirmation in the 
observation of E. B. Sangree," who, after patient watching,— 
sometimes several hours at a time,—states that he saw “three 
granules escape from an eosinophile cell, and wander away until 
Iwt under rouleaux of red corpuscles, after having reached a 
distance of some six diameters from the parent-cell.” ... 
“While inside the cell,” says this pathologist, “these granules 
had participated in the constant, though rather sedate, move¬ 
ments of the granule mass,—but owing, doubtless, to the differ¬ 
ence in specific gravity of the containing medium,—instantly 
upon emerging from the parent-cell they underwent the wildest 
possible gyrations. The first to come out were two attached 
polo to pole, and these rolled frantically over each otiier, 
pushed this way and pulled that, all the time osciUating widely 
and rapidly, yet constantly and definitely traveling farther and 
farther from the cell, until finally lost to view. The 
grannie behaved in an exactly similar way. I noticed, too, that 
before becoming lost'to view the motion of these granules 
become considerably less marked and approximated more that 
ordinarily seen in these bodies.” If these facts are considered 
as a normal sequence to the evidence adduced that the cellular 
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‘ net-woik fiben xepreiaitB the eeczetoxy system of tiie leu¬ 
cocyte, it seems pennissible to condude that:— 

The graiwiee in leucoqftea are the producte of an intracetl- 
nUr ffisto&olie procese and represent a true secretion. 

Tux.Psyoioumioal Chbmibtbt of Lbuoooytk. —A fea¬ 
ture which dearly points to the autonomy of the nudeus and 
of the net-work of canalionli in all leucocytes is the uniformity 
with which they all stain with similar dyes. The nuclear can- 
aliculi and granules and the canaliculi of the cell-substance all 
lake the aniline dyes, methylrae-blue and methyl-green, for ex¬ 
ample: evidence that in all leucocytes the structures mentioned 
must find in the adrenoxidaae a source of energy as do other 
organs. 

Beginning with the nudeus, with what chemical body 
contained in, this part of the cell could the adrenoxidase 
initiate and sustain a reaction? It is, of course, not the 
composition of the nuclear granrdes that this question in¬ 
volves, but that of what might be termed the nuclear ground- 
substance. Foster refers to this substance in the following 
words: '*There is present, in somewhat considerable quantity, 
a substance of a peculiar nature, which, since it is confined to 
the nuclei of the corpuscles, and further seems to be present in 
all nuclei, has been called nuclein. This nuclein, which, though 
a complex nitrogenous body, is very different in composition and 
nature from proteids, is remarkable, on the one hand, for being 
a very stable, inert body, and, on the other, for containing a 
large quantity (according to some observers, nearly 10 per cent.) 
of phosphorus, which appears to enter more closely into the 
structure of the molecule than it does in the case of proteids.” 
We evidently have, in the nuclein of the nuclear ground-sub¬ 
stance, a body which, as does lecithin in the myelin of nerves, 
myosinogen in muscles, etc., enters into active combination 
with the oxidizing substance, i.e., adrenoxidase, and the resulting 
reaction must necessarily yield functional energy, as elsewhere 
in the organism. 

The. character of the reaction which the simultaneous 
presintce of nuclein and the oxidizing substance within the 
predneta of the nucleus sustain is clearly suggested by the kind 
of dyn taken by the canaliculi (both of the- nucleus and of the 
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eell-BulMtaiice) and the perinuclear vacuole. E. T. Williams/^ ‘ 
in a study of the chemical propertira of leucocytes, refers tu 
this feature of the problem in iiie following words: 'The nu¬ 
clei of all three classes stain-best with alkaline dyra, as methy¬ 
lene-blue, methyl-green, or dahlia. They are, therefore, acid.” 
Farther on, he says: “We have seen that all nuclei are acid. 
They owe this property, without doubt, to the nuclein which 
they contain. Nuclein is acid. When boiled with allealies it 
yields phosphoric acid. Phosphoric acid, it may be remarked, 
is the only mineral acid which does not coagulate albumin. It 
is the presence of this acid undoubtedly which makes nuclein 
acid. According to the experiments of Eossel, quoted by 
Vaughan and Novy,** nuclein, when boiled with acids, yields 
certain organic, albuminoid bases, as adenin, earcin, xanthin, 
spermin, and others.” . . . “We must conceive, therefore, 

of nuclein as some sort of a phospho-albumin whose composi¬ 
tion has not been precisely determined.” The source of the 
various chemical bodies involved in these processes is shown in 
the following lines of Professor Foster’s: “The ash of the white 
corpuscles is characterized by containing a relatively; large 
quantity of potassium and of phosphates, and by being rela¬ 
tively poor in chlorides and in sodium. But, in this respect^ 
the corpuscle is merely an example of what seems to be a general 
rule (to which, however, there may be exceptions), that, while 
the elements of the tissues themselves are rich in potassium 
land phosphates, the blood-plasma on which they live abounds 
in chlorides and sodium salts.” 

The chemical process involved may easily bo traced with 
the forcing factors as main elements: The blood-plasma (if 
the views already submitted arc sound) evidently reaches the 
nucleus through the intercanaliciilar substance of the cell-body; 
this is sliown by the fact that this substance likewise—though 
to a less marked degree—stains witli methylene-blue. Under 
ordinary circumstances, according to microscopical evidence, 
the perinuclear vacuole is practically collapsed: i.e., its nuclear 
wall is more or less close to that of the cell-body. This is well 
shown in Qulland’s plate, by Figs. 10 and 12. The nudieus 
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tliiiii -tethes in blood-plaama, and its canaliculi become filled 
With the latter along with the vacmole. The nuclein of the 
nucleus under these circumstances itself bathes in the plasma, 
being thus exposed to the action of the latter's oxidizing sub¬ 
stance or adrenoxidase. 

Still, this suggests the presence of a stream of plasma 
flowing through the nucleus itself, with the canaliculi as emunc- 
toriee. The contraction and retraction of the canaliculi—or 
reticulum—^to which Gnlland and others refer represent the 
only mechanical device in the cell by means of which the vacuole 
'can be drained. 

These minute ves(»la probably serve as continuous chan- 
nela for the stream of plasma, which contains, besides tlie 
adrenoxidase, the alkaline salts necessary to the intracellular 
process. The plasma’s adrenoxidase and the nuclein’s phos¬ 
phorus, thus brought into contact, liberate considerable heat, 
and the alkaline salts in the plasma then take part in the 
reaction to which Williams refers, and which involves, we have 
seen, the formation of phosphoric acid and other agencies to 
which 1 will presently allude. 

We must not lose sight of the fact, however, that nuclein 
is derived from nucleo-proteids, and that during the oxidation 
process waste-products are formed: we have in the "adenin, 
sarcin, xanthin, sp'ermin,” etc., to which Williams refers, a 
series of catabolic products. This awakens an important , patho¬ 
logical feature. We have seen that, when nucico-protcids un¬ 
dergo cleavage in the organism, the process involved must be 
brought to a finish: i.e., to the stage of phosphoric acid forma¬ 
tion. The penalty, if completion docs not attend the scries of 
reactions, is the presence in the blood-strcain of the above- 
mentioned purin bases, which are now considered, wc have seen, 
as the source of the so-called ^^gouty diathesis.” Slight insuf: 
flciency of the adrenal system, therefore, by reducing the adren¬ 
oxidase and thyroiodasc in the b!ood, must inhibit the intra¬ 
cellular reactions that I have just outlined, thus giving rise to 
this disorder. Or the injudicious use of rich foods, by sur- 
diarging the proportion of nucleo-proteids taken up by the 
cells, may lead to the same result though the normal proportion 
of adrenoxidase and thyroiodase—the latter, wc have seen, play- 
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ing an important rdle by sensitiadng the phosphorus to oxidation 
—^bo present in the plasma. 

Another phenomenon which appears to me elucidated by 
the presence of the adrenoxidase of the plasma is the manner in 
which worn-out leucocytes are destroyed. As frequently ob¬ 
served by histologists, each of the varieties may be seen at a 
given time to become "oxyphils/* or oxygen-loving, and to 
undergo disintegration, a preparatory step to proteolysis here. 
Even the eosinophils leucocytes, which, according to Metch- 
nikoff,** are unable inglobe foreign bodies, and therefore, 
cannot act as phagocytes,*' are destroyed by proteolysis. The 
affinity of these cells for acid dyes might account for their oxida¬ 
tion, however, and suggest a limit; but such a limit does not 
exist, for ba%aphile cells also yield to the same agency. Indeed, 
Gulland, referring to a figure in his colored plate which gives a 
vivid illustration of a cell undergoing disintegration, describes 
it as follows: "Degenerated basophils cell from the mesentery 
of newt. Methylene-blue.** In other words, an eosinophile is 
always acidophile, while a basophile is only acidophile when it is 
dead or about to die. We have seen that methylene-blue stains 
oxygen-laden media; hence, the adrenoxidase is evidently an 
active factor (as amboceptor) in the destructive process. 

It seems to me that we can conclude from the above data 
regarding the physiological chemistry of leucocytes, or white 
blood-corpuscles, that:— 

J. The granules which constituie the secretion of all varie¬ 
ties of leucocytes are the products of a continuous reaction tn 
the nucleus, in which the nuclein of its nucleus, the materials 
ingested by the cell, and the plasmatic adrenoxidase, thyroiodase, 
and alkaline salts take part. 

2. When a leucocyte becomes functionally incompetent it is 
destroyed by proteolysis in the blood-plasma. 

Classificatiox of Lkdcocytbs. —I have proceeded as far 
as I could with our analysis of the leucocytes as a unit, and 
it now becomes necessary to ascertain, if possible, the functions 
of the various types which* histologists, h«ided by Ehrlich, have 
established with the aid of staining methods. 
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^anibdck ud Hardy”** not only give a clear, tliough rac* 
cinet, ontline of the various varieties of cells, but they empha¬ 
size features of the problem which are of special interest to 
us. After briefly reviewing the more prominent contributions 
to our knowledge of the subject since Wharton Jones’s mem¬ 
oirs, published in 1846, including the investigations of Hind- 
fleisch (1863) and Max Schultze (1865), they write as 
follows:— 

"After Max Schultzo, no further advance was made or, 
indeed, was possible in the histological analysis of the sporadic 
mesoblast, until Ehrlich, in 1878, furnished a rational basis 
for the use of staining reagents by his far-reaching discovery 
that the elective affinity of certain constituents of tissues for 
particular stains could be referred to two factors: the chemical 
nature of the staining substance employed and—a point too 
often neglected by workers who have followed his methods— 
the nature of the medium in which the stain is dissolved.”” 
Ehrlich drew particular attention to the granules, the pos¬ 
session of which characterize various forms of wandering cells. 
These he divided into five, classes, differing either in their 
special affinity for bases, acid, or neutral dye, or in size. The 
a or eosinophile granulation colors only witli acid dye; the 
granulation colors with both acid and basic dyes (amphophile); 
the y granulation colors only with basic dye, and the individual 
granule are large; the S granulation colors only with basic 
dye, but the individual granules are small; and the e granu¬ 
lation colors only in neutral dye. 

”*The nomenclature of the granule we extended to the 
ells bearing them. Thus, the various forms of white cells 
found by Ehrlich in blood were: I. A small cell free from 
granule, to which the name lymphocyte was given, from the 
fact that it appears to be develop^ in lymphoid tieue. This 
is the small, non-amoeboid form of Max Schultze. II. A cell 
characterized by posseeing fine granule and one or several 
nuclei. This is by far the met numerous form of white blood- 
corpuscle in Tni nnmal ia , and was found by Ehrlich to be neu- 
trophile in man, and amphophile in rabbits and guinea-pigs. 

* KutluMk anS Hardj: Koc. «(., p. II 
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_ * 
in. The eosinophile cell, or oMreely granular cell of Wharton 

Jones and Max Schultze. It occurs only in small numbers in 
the blood of mammalia, but is abundant in the blood of lower 
vertebrates. IV. A basophile cell with fine basophile grannies 
(5 granulation). 

'‘The mononuclear amceboid cells of Max Schultze are 
apparently grouped with the nentrophile cells by Ehrlich. In 
addition to these forms Ehrlich describes a basophile cell with 
coarse granules ( y granulation), occurring mainly in connective 
tissue and also in the blood of frogs, but not in the blood 
of mammals. These he calls 'Mastzellen.’ . . . 

"From what we have said so far it will be seen that tlie 
group of finely granular blood-corpuscles described by Max 
Schultze includes the amphophile and neutrophile and the 
finely granular basophile cells of Ehrlich. Since Ehrlich’s work 
no contribution to our knowledge of the morphology of the 
wandering cells has been made except on points of detail. 
Mention must, however, be made of the group of cells recog¬ 
nized by Metchnikoif* in his treatise on inflammation. -The 
term *leucocyte,’ originally applied by the French school of 
physiologists, is used to designate wandering cells, and the fol¬ 
lowing varieties are recognized: (I) lymphocytes; (IT) mono¬ 
nuclear leucocytes with abundant protoplasm and a round 
nucleus; (III) polynuclear leucocytes, or.'leucocytes nentro- 
philes’; (IV) eosinophile leucocytes.” 

My purpose being to ascertain the physiological functions 
of the various types, Ehrlich’s four classes, by affording def¬ 
inite microchemical limits, will probably prove more useful 
than the simplified groupings that other histologists have in¬ 
troduced, and which, by reducing the number of divisions, have 
tended to efface landmarks that can serve as clues for research. 

.1 will preserve, therefore, Ehrlich’s classification, and try to 
ascertain whether the various types of cell do not differ phys¬ 
iologically from one another as they do histologically. 

Lymprocttes and Htaunb Cbllb.— The first cdl of 
the Ehrlich series, the lymphocyte, sernns fully entitled to the 
position accorded it by histologiste in general: that of a leu¬ 
cocyte in process of development. The cellular substance is 
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devoid of (mnaliculi (or niitoma) and of granules, alUiough 
the nucleus itself is supplied with both, and is evidently func* 
tionally active. Lymphocytes are considerably smaller (6 to 
G.5 (i) than leucocytes, and represents less than one>fourth of 
the total number of these cells. ^They are devoid of amoeboid 
motion. Hyaline cells have been clawed in the same category', 
the cell-body being likewise free from granules, as shown in 
Gullond’s plate. Fig. 1. Both may become active, however, 
before complete maturity is reached. 

Nbuteophile Leucocytks. —^These arc extremely impor¬ 
tant members of the leucocyte family, for they represent fully 
three-fourths of the white ctdls of the blood, and constitute 
MetchnikolTs main group of phagocytes. They an' termed 
‘^neutrophile” by Ehrlich because their granulations stain with 
both acid and basic dyes. Their reaction to acid dyes is very 
much less intense, however, than is the case with purely acido- 
phile cells, according to Kanthack and Hardy. Their gran¬ 
ules are small as compared to those of other acidophilcs. 
Though termed ‘‘polynuclear” leucocytes by Mctchnikoif, the 
masses thought to represent as many nuclei are united by 
thin bridges, thus constituting a single nucleus. Especially 
is this likely, since the only other type of cell deemed phago¬ 
cytic by Metchnikoff is a mononuclear cell. Qnlland contends 
that no shape of nucleus is invariably associated with granules 
of a special kind. It seems evident, therefore, that the phago¬ 
cytic cells are only distinguishable by their affinity for alkaline 
dyes and a slight affinity for acid dyes, and by the concurrence 
of these histological properties with small granules. 

Kanthack and Hardy, who refer to this leucocyte as a 
“finely granular oxyphilc ce'.l,” speak of it as follows: “It has 
a very limited and precise distribution, for, under normal con¬ 
ditions, it is entirely absent from extravascnlar spaces, and 
occurs only in the blood,^^ where it is by far the most numerous 
corpuscle, forming 20 to TO per cent, of the total number of 
white corpuscles. The fiuctuation in this percentage is prob¬ 
ably due, in the main, to the great periodic variations in the 
number of lymphocytes present in the blood. Thus, the effect 
of a meal is to cause a considerable increase in the number of 
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lymphocytes in the blood, and, therefore, a fall in the share 
of'-the total white corpuscles due to finely granular cells. If 
this disturbing factor be eliminated,” continue these inresti- 
gators, *^and the percentage of the finely granular oxyphile cells 
be taken of the adult white corpuscle only, this is found 
to be always very high: in man, 75 to 90 per cent.” 

Metchnikoff, i^erring to the phagocytic properties of 
these cells, writes as follows**: '‘Even outside the organism 
these amoeboid cells readily inglobe a large number .of foreign 
particles with which they may come in intact, and they may 
often be seen literally crammed with all sorts of granules. Like 
the amoebse, they swallow not only inert bodies, such as gran¬ 
ules of carmine or otlier substances tliat are insoluble in the 
fiuid surrounding the leucocytes, but also a large number of 
living oiganisms.” This is merely quoted to emphasize the fact 
that the leucocytes differentiated by Ehrlich from all others by 
the term “neutrophile” are, irrespective of the form of tiieir 
nucleus, the wandering cells which Metchnikoff has shown to 
fulfill the physiological function he has termed “phagocytosis.” 

Thb Nbutbophilb Lbucocttbs IK Asstuiuitiok.— The 
property which these cells so strikingly show: i.e., their ability 
to ingulf or rather ingest substances of all kinds, seems to me to 
suggest that they are intrusted with another rdle in the body: 
t.e., its nutrition. Macallum*” observed, in sections of intestines 
taken from animals first starved, then fed upon a substance 
containing albuminate of iron, free leucocyte crowded witli 
granules of iron-pigments in the intestine. Some of these cells 
appeared to pass out through the epithelial cells, while others 
advanced into the subepithelial elements. Macallum also found 
them in the venules of the villi, the spleen, etc. 

We have just seen the reference of Kanthack and Hardy 
to the “considerable increase in the number of lymphocytes 
in the blood, and, therefore, a fall in the share of the total 
white corpuscles” caused by a meal. Both these two phenom¬ 
ena become normal events instead of a “disturbing ftictor” if 
the process of digestion includes the use of a large proportion 
of adult or fully developed leucocytes to transport various 
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materials from the mtertinal canal to various parts of the 
ftrgatiiam. It is evident that imder these circumstwces the im¬ 
mediate neoformation of lymphocytes, and their rapid growth, 
as is probably their wont, to the state of mature cells, becomes 
a sine qua non of continued existence. 

Overlooking the possibility of such a function, and led by 
his own hypothesis to ascribe to intracellular processes the 
presence of food-products in tlio leucocyte, MetchnikofT* writes: 
‘*The digestion of proteid substances by the leucocytes is well 
shown by the gradual changes that take place in the muscular 
fibers which have been inglobcd by leucocytes in cases of acute 
muscular atrophy. The presence of peptone in leucocytes, which 
has been so often proved by llofmeister, is sufficiently ac¬ 
counted for by this fact of intracellular digestion, and need 
not, therefore, be referred, as done by this author, to an ab¬ 
sorption by these cells of the peptone formed in the alimentary 
canal." I need hardly observe, however, that, added to the 
foregoing testimony, Hofmeistcr’s view seems sustained. 

Indeed, the process to which the peptones owe their pres¬ 
ence within the cell is not difficult to trace, if the latter’s me¬ 
chanical functions, as I have construed them, arc taken into 
account. The presence of peptone within the perinuclear 
vacuole being an accepted fact (since it is recognized by both 
investigators), the presence therein of sulistanccs from which 
the peptones are elaborated must be accounted for. Metchni- 
kofl traces these to products of degeneration, as suggestctl by 
his comparison, and perhaps to waste-products of digestion. 
Hofmeister’s conception differs only from this in implying a 
closer or more direct relationship between the leucocytes and 
the intestinal contents of their host. In other wonis, while 
Hofmeister associates leucocytes with the process of digestion, 
Metchnikoff looks upon them only in the light of scavengers. 
That phagocytes may fulfill both r61ea is obviously suggested 
not only by their own cliemico-physiological characteristics, 
but also by their itinerary in the S 3 r 8 tem. Both Hofmeister 
and Metchnikoff are right, therefore, each in his own-way. 

In his review of the absorption of proteids Stewarif’ 
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writes: "Although a certain amount of eg^-albumin and other 
native or slightly altered proteid substances can be absorbed 
as such by the small, and even by the large, intestine, there 
can be no doubt that the greater part of the proteids of the 
food is first changed into proteoses and peptones. But proteose 
and peptones are absent from the blood, and, indeed, when in¬ 
jected into the blood they are excreted in the urine. When 
injected in larger amount they pass also into the lymph, from 
which they gradually reach the blood again, and are eventually, 
as before, eliminated by the kidneys. The clear inference is 
that when absorbed from the alimentary canal they must bo 
changed into one or both of the chief proteids of blood and 
lymph (serum-albumin and serum-globulin) in their passage 
through its walls. And it has actually been shown that during 
digestion of a proteid meal the mucosa of the stomach and 
intestine contains proteose and peptone, while none is present 
in the muscular coat or in any other organ. They rapidly dis¬ 
appear from a portion of the mucous membrane kept at a tem¬ 
perature of about 40° C. outside the body; but not if it has 
been thrown into boiling water immediately after excision, nor 
even if it has been heated at 60° C. for a few minutes and then 
kept at 40° C. Now, a temperature of 60° C. does not destroy 
an imorganized ferment, but kills a living cell. The regenera¬ 
tion of the proteose and peptone must, therefore, presumably 
take place ifi cells, and the only available cells in this locality 
are those which line the intestine, or the leucocytes which 
wander between them. Accordingly, both have been credited 
with the power of absorbing and transforming these sub¬ 
stances."®* 

.If my views concerning the functions of the epithelial 
cells of the intestines, as submitted in the seventh chapter, are 
sound, they subserve an entirely different function from that 
now generally ascribed to them: i.e., that of supplying the 
intestinal tra^ with a secretion calculated mainly to asepticize 
the intestinal contents. On the other hand,^ I showed that 
the lymph-follicles, including Peyeris patches, supply leuco¬ 
cytes, formed in the cytogenic area of the follicles (Flemming’s 
central nodule), to the intestinal cavity through the fenestrated 
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membrane overlying each follicle. As the inquiry did not 
afford, evidence to the effect that all these leucocytes served 
to insure destruction of pathogenic ‘bacteria, I stated that 
some of them carried out this function. Indeed, there was good 
ground for this limitation, for I had already referred to the 
iron-laden leucocytes observed by Macallum and had been led 
later on to allude to those charged with the return of bilirubin 
to the circulation. That the leucocytes supplied to the intes¬ 
tinal caiul by the cytogenic follicular areas include some—and 
probably a large proportion—^whose functions it is to ingest 
proteids with the iron and bilirubin, then re-enter the intes¬ 
tinal wall by way of the villi, is very likely. To the various 
agencies thus incorporated in the organism can now be added 
that referred to by Metchnikoff in the sentence: ‘^he presence 
of peptones in leucocj'tes which has been so often proved by 
Hofmeister.” While this contributes further evidence to show 
that my conception of the whole process must be poised upon 
solid premises, it also suggests that leucocytes ingest profetVfo, 
and not peptones, from the intestinal canal, because peptones 
are the terminal products of the digestion of proteids. 

If leucocytes ingest proteids, these must accumulate in 
their perinuclear vacuole and 6nd*their way into the nuclear 
canaliculi. These cells lieing freshly supplied to the intestinal 
canal from the follicles, the proportion of blood-plasma in them 
must be limited when, laden with proteids, they enter the ven¬ 
ules of the villi to find their way to the portal vein. Even in 
this VMsel they must again find a dearth of adreno.xida8e, 
for we have seen tliat this channel is essentially venous. We 
must not lose sight of the fact, however, that potent additions 
to its contents are obtainable here: the spleno-pancrcatic in¬ 
ternal secretion, i.e., trypsin, io which the plasma of arterial 
blood and dextrose may be superadded when the precincts of 
the hepatic artery, t.a., the hepatic lobules, are reached. 

If these cells do take up proteids and other bodies utilized 
in nutrition or in the building up of various organic structures, 
their own canaliculi, *.e., those of the cell-substance, must serve 
as the climinatory channels. In other words, proteids ingulfed 
by the leucocyte must be submitted to a process of digestion 
in the nudena and its vacuole, and the products be paMed out 
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ai granules. ZIAis elevates leucocytes to the rank of gkmdulor 
organs, but we must not^overlook the feet that glands in gen¬ 
eral supply their secretion in the form of granules. Beferring 
to the parotid, for instance, Foster speaks of the secretion as 
**generaliy in the form of granules” and of the ‘‘granules*’ 
which in the submaxillaty gland “may obscure the nuclei.” The 
granules of the pancreas, of the intestinal epithelial cells, etc., 
are also familiar examples. Indeed, all these granules only 
differ from those of leucocytes in being less complicated molec-- 
ularly and smaller. They seem to me fully to represent a true, 
cellular secretion. 

What is the nature of the neutrophilc’s secretion, i.e., the 
composition of its granules? Milroy and Malcolm" state that 
the finely granular amphophile (or neutrophiles) granules “are 
usually taken to be proteid in nature,” and refer to the fact 
that Sherrington had suggested that they might be “of nucleo- 
proteid nature”: a view which their own researches confirm. 
Under the action of alcohol kept at boiling-point, neither fine ' 
nor coarse oxyphile granules were dissolved; ether also at boil¬ 
ing-point gave similar results. These agents being then used 
successively, the granules remained practically unaltered: a 
fact which leads the authors to conclude that the granules 
cannot consist of fat or lecithin. Weak alkaline solution at 115" 
to 120" C. almost entirely removed the granules from the 
finely granular cells, “but the most striking feature was the 
persistence of two structures, the nuclei and the coarse oxy- 
phUe granules.” Solutions of sodium carbonate to 1 per 
cent.), followed by careful washing, almost entirely removed 
the fine oxyphile granules in from one to sixteen hours, while 
the coarse ones were left. Oxalic acid (0.4 per cent, in alcohol, 
then 1%-per-cent. watery solution) entirel}' removed the small 
granules, a few of the coar^ly granular oxyphile cells contain¬ 
ing pink-stained granules, while others were vacuolated. As 
a result of these tests (which should be read trt extenso in the 
original paper) Milroy and Malcolm write as follows: “The pos¬ 
sibility of both types of granule consisting of the same kind 
of organic matter either differently bound or with organic salts 
atached in such a way as to alter the solubilities is certainly a 
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strong ono. That it is not simply albumin or globulin appears 
evident from the comparatively insoluble character of both 
types of granules, but especially the coarse oxyphile ones. 
Again, the fact that the fine granules arc not only oxyphile, 
but also basophile, supports the view that they are composed 
of a complex proteid suhstance/"*^ . . . The concordance 

of these facts with those previously recorded apj^icars to me 
conclusive. 

Milroy and Malcolm’s researches not only seem to me to 
give nentrophile granules their own identity (though showing* 
a distinct kinship to the larger acidophilc granules), but also 
to emphasize tlie faict that these minute masses of proteid sub¬ 
stance represent the end-result of the intracollnlnr process that 
occurs during the journey of the leucocytes from the intestinal 
villus to the general circulation via the portal and hepatie 
vessels. 

Is it only in the cells that the reactions which serve to 
convert proteids into assimilable products occur? The investi¬ 
gations of Milroy and Malcolm will greatly assist us in eluci¬ 
dating this question. 

In their first article on the ^'Metabolism of Nucleins”*^ 
these investigators say, in the course of a review of the metab¬ 
olism of the nucleins under physiological conditions: "When 
nucleins are taken by the mouth, the first change that they 
undergo in the alimentary tract is a simple solvent one in the 
stomach, and that only to a very slight degree. They arc never 
split up into their constituents. They are easily broken up, 
however, by the pancreatic secretwn** into an organic phos¬ 
phorus-holing acid (not nucleic acid) and albumose or pep¬ 
tone. The important points to notice are that the phosphorus 
is still in organic combination, and that neither ortho- nor 
meta- phosphoric acid is so formed. It is probable that the 
organic phosphorus-holding acid so formed is similar to thymic 
acid. It forms soluble compounds with albumose and peptone, 
and is, in all probability, so absorbed. After absorption the 
bodies derived from the nucleins cause a well-marked leuco- 
eytosis, and the excretion of phosphoric acid in the urine is 

Itiillei ftTC oijr owd« 
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increased. Whether a hypoleuoocytosis always precedes the 
hjperleucMTtow is difficnlt to say. Almost all the writers on 
tl^ suh^ have emphasized the fact that, on giying nucleins 
the month, the phosphoric acid excretion in the urine is 
increased; but they haye omitted to show that this excretion 
cannot be accounted for by the phosphorus taken in the form 
of nucleins, there being really more phosphorus excreted by 
the kidneys than was present in the original nucleins.** 

Again, as a result of a series of experiments, Hilroy and 
Malcolm are led to the following conclusions among others: 
'*1. The digestion products of nuclein^holding tissues, nuclein 
and nucleic acid, cause, on being absorbed, a temporary leuco- 
cytoei^ which is accompanied by a rise in the FjOb excretion 
aboye that deriyable from the absorbed phosphorus. These 
alterations are especially well marked after giving nucleic acid. 
2. The alloxuric bodies are excreted in excess, after nucleic acid 
has been given, and in all probability also after large doses of 
nucleiU'holding tissues or nucleins, although in our experi¬ 
ments, owing to the small amount of thymus taken, there was 
no distinct increase. 3. The uric acid excretion after nucleic 
acid was only slightly, if at all, increased. We were exceedingly 
anxious to give larger doses of nucleic acid, but were unable to 
do so because of certain rather disagreeable symptoms {severe 
muscular tremors) which arose after the larger quantity had 
been given.’* 

The augmented phosphoric acid excretion to which the 
authors refer, and which they state cannot be accounted for 
by the phosphorus taken in the form of nucleins, has doubtless 
suggest^ to the reader as primary cause tlie increased func¬ 
tional activity of tlie adrenal system induced by the phosphorus 
ingested: an interpretation sustained by the presence of severe 
muscular tremors, ‘Vhich arose after the larger quantity had 
been given.** Of course, phosphorus here acts like any other 
toxic as a stimulant, the anterior pituitary body responding 
to the effects of organic poisons as well as those foreign to the 
system as a chemical entity. 

Still, this involve the necessity of showing that leucocytes 
are thmnselves the seat of the enhanced metabolism and the 
source of the excess of phosphoric acid to which the mnwular 
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tremors are 'due, in accord with my previous statements to 
that effect. Again, if, as 1 have sugg^ted, the granules rep¬ 
resent the leucocytic secretion, an excess of granules must 
occur under the influence of tiie stimulation of the adrenal 
system induced. That such is the case is shown by the follow¬ 
ing casual remark of Stokes and Wegefarth,*^ who, as stated, 
based their studies of the free granules derived from leucocytes 
upon examinations of blood taken from about five hundred 
persons: *‘In perfectly fresh specimens the granules were not 
numerous, but they seemed somewhat increased in patients who 
had been taking tonica or various alcoholic drinks.” 

This, in turn, involves a query as to the manner in which 
the anterior pituitary body becomes primarily stimulated when 
nucleins arc taken in excess, for it would seem that locked up 
in the perinuclear vacuole of the leucocytes* their phosphorus 
could not influence the adrenal system through tlic blood¬ 
stream. This would doubtless hold w'erc the intracellular 
process to cease at any time, but, as this must begin as soon 
as the cells enter the hepatic capillaries, after acquiring therein 
their adequate supply of adrenoxidase, their normal production 
of granules must start at once. An inordinate proportion of 
nucleins in the food soon supplies the biood-strcain, through the 
agency of the cells, with on abnormal quantity of these minute 
phosphorus-laden bodies. Tltcsc at first give rise to excessive 
functional activity, including among other signs the “severe 
muscular tremors” to which Milroy and Alalcolin refer, coupled 
with an excess of PjOj production. Persisted in, however, the 
excessive (relative) ingestion of nucleins brings on, os do other 
toxics, adrenal insufficiency, which, by entailing a reduced pro¬ 
duction of adrenoxidase and trypsin, ui)on wliich the physio¬ 
logically perfect intracellular reactions mainly depend, corre¬ 
spondingly lowers the efficiency of the cleavago-proccescs. This 
mean^ instead of the physiologically perfect granules which, we 
have seen, Milroy and Malcolm found to be proteid in nature, 
an accumulation in the blood of proteid toxalburains. 

In their first paper, the above-mentioned investigators 
draw attention to the two decomposition products considere«l 
“as more or less characteristic signs of the decomposition of the 
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nndeins, yiz.: the Alloxur bases and phosphoric add.*’ If my 
conception as outlined in the preceding paragraph is justified, 
these aUoxuric bases are products of inadequate metabolism, 
while phosphoric add is the product of perfect metabolism. 
Uric acid having likewise been considered as a product of 
the complete process, a rise of alloxuric excretion cannot 
occur along with excessive phosphoric acid production. That 
my conclusion, based mainly on Horbaezewski’s work, was war¬ 
ranted, is shown by what Milroy and Malcolm term "points 
of special importance” as results of a series of e.tperiments, 
namely: “1. There is no doubt that the P,Ob excretion is 
increased even when very small doses of thymus are given. 2. 
Relatively, also, the P,Ob is increased in proportion to the 
nitrogen. 3. Wit^ the small amount of thymus taken there 
was practically no appreciable alteration in tlie excretion of 
the alloxuric bodies, either absolutely or relatively to the total 
nitrogen or total P*Ob.” All this serves to emphasize another 
feature of the problem: t.s., that phosphoric acid is the proto¬ 
type of uric acid as a product of perfect or physiological intra¬ 
cellular metabolism, and that the phagocytic leucocytes which 
take up nucleo-proteids from the intestinal food-products are the 
seat of the reactions through which these bodies are converted 
into assimilable products. 

Although I have only dwelt so far, as regards the intra¬ 
cellular processes with which nucleo-proteids are concerned, 
with neutrophile leucocytes, these are not alone the seat of 
.reactions which, normally performed, end in the production of 
uric and phosphoric acids. Indeed, we have seen that all leu¬ 
cocytes contain nuclein in their ‘Nucleus”—a fitting name 
under the circumstances, and the physio-chemical process re¬ 
viewed only typifies that which occurs in all varieties of leuco- 
i^es. Wherein the neutrophile cells are distinguishable, how¬ 
ever, is in their ability as phagocytes to take up nucleo-proteids 
from the intestine, and to break them up, by means of the 
trypsin and adrenoxidase subsequently absorbed by them, into 
peptone and an organic compound containing phosphorus. 

How are the various bodies, the presence of which this 
suggests, utilized? The prince of pancreatic secretion in the 
intMtine, and of the spleno-pancreatic secretion in the portal 
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vein, *would suggest that the Ijeuoocyt^ must be carriers of 
carbohydrates: an important question wlien we eonsider tiie 
leading functional r61e which myosinogen plays in muscular 
contraction. Dextrose, formed from glycogen, itself in turn 
a product derived from starches, forms part of a chain of events 
which would, in a measure, have to occur within the cell itself. 
That such is the case is suggested by the investigations of 
Zabolotny,** who found that phagocytes devoured particles of 
starch-paste and digested them: features which led this in¬ 
vestigator to (xmclude that **the presence of an amylolytic fer¬ 
ment in the phagocytes cannot be doubted.** But Zabolotny 
likewise states that when leucocytes ingest starch they become 
iodophile. This, as is well known, has been termed by Ranvier 
and other physiologists the **gly€ogen reaction.** 

Foster, referring to this question, says: 'Tn the case of 
many corpuscles, at all events, we have evidence of the presence 
of a member of the large group of carhohydrales, comprising 
starches and sugars, viz.: the starch-like body glycogen. . . . 
This glycogen may exist in the living corpuscle as glycogen, but 
it is very apt, after the death of the corpuscle, to become 
changed by hydration into some form of sugar, such as maltose 
or dextrose.** Indeed, he furnishes us complementary evidence, 
alluding to the cellular proteids in the following sentence: 
**One of these proteids is a body either identical with or closely 
allied to the proteid called myosin, which we shall have to study 
more folly in connection with muscular tissue.** I have 
shown that myosin is the post-mortem product of the action of 
what remains of oxygen in the plasma upon myosinogen, and 
that this is the cause of rigor mortis. Foster says, in this con¬ 
nection: *‘And we have reasons for thinking that in the living 
white corpuscle there do^ exist a body identical with or allied 
to myosinogen, which we may speak of as being in a fluid con¬ 
dition, and which, on the death of the corpuscle, is converted, 
by a kind of clotting, into myosin, or into an allied body which, 
being solid, gives the body of the corpuscle a stiffness and 
rigidity which it did not possess during life.** All this seems 
to'me clearly to suggest that these leucocytes, in the light of my 
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views, supply the muscle-cells of the entire organism with 
myosinogen. 

Still, our analysis alone so far points to the neutrophiles 
—by far the most numerous leucocytes in the blood-stream— 
as the ones upon which this great function would devolve. It 
becomes necessary, therefore, to control this conclusion by 
showing that excessive muscular exercise, by creating a demand 
for myosinogen in the cells of all muscles,—skeletal, cardiac, 
vascular, etc.,—engenders a Icncocytosis in which the neutro- 
pbiles prevail. The data for this are available in a study of 
this subject by II. C. Tjarrabec,®'' who writes as follows: “The 
paper is based on a study of the blood of four of the contestants 
in the Boston Athletic Association’s Marathon race of 1901. 
This is a road-race of about twenty-five miles (40 kilometers), 
held each spring. The severity of the contest will be apparent 
when it is said that the winner—not included in my'four— 
covered the distance in less than two and onc-half hours. This 
is about ten miles an hour, about as fast as an ordinary man 
rides his bicycle for pleasure. . . . The blood of these four 
cases [counted by the author, assisted by Dr. W. H. McBainj 
before the race showed no abnormalities. The percentage of 
polymorphonuclear neutrophiles may perhaps run a little high, 
but this is to be expected in active young men in the best pos¬ 
sible physical condition. After the race the blood was taken 
immediately, within five minutes from the actual finish. In 
every case a Icucocytosis was found, varying from 14,400 to 
82,200. The differential count showed that the increase was 
mainly in the polymorplionuclear neutrophiles" 

That the exciting cause of the leucocytosis was the increase 
of waste-products which in tom stimulated the adrenal system, 
hardly needs to be dwelt upon. Vagal influence incited to in¬ 
ordinate activity and controlled the organs charged with the 
genesis of these particular cells, while the inordinate oxidation 
proceMes started by the overactive adrenals in all tissues ac¬ 
counts for the general leucocytosis which the word "mainly?* 
implies. 

Myosinogen being a member of the globulin group of pro- 
teids, the other members of this group should be represented 

■■ R. C. LuimiMe: Journal of llc4l(»l Reoearch, Jan. IMA 
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among fhe cell’s products, particularly fibrinogen found in the 
blood'plasma in association with serum-globulin and serum- 
albumin. That such is the case is demonstrable. Stewart** 
alludes to the sources of nucleo-proteid in the following words: 
*‘In shed and clotting blood, the only possible sources of nucleo- 
proteid, so far as we know, are the corpuscles and the blood- 
plates. The rod corpuscles we may at once dismiss, for, al¬ 
though they contain a small amount of nucleo-proteid, not only 
do they remain intact under ordinary cireiiinstances during 
coagulation, but there is the strongest evidence, ns has already 
been pointed out, that they do not make any essential contri¬ 
bution to the process. We have left over the leucocytes and 
the platelets. The latter are said and the former arc known 
to yield nucleo-proteida when they arc broken up in tlic Inlmra- 
tory; and it is highly probable that from both, hnt espivially 
from the white corpuscles, nucleo-proteid is liberated in the 
first moments after blood is shed, and that this nucleo-proteid 
id then changed into fibrin-ferment" ' 

The relationship between the cellular nucleo-protcids and 
fibrin which this quotation suggests finds itself sustained by 
Hanvier,*^ who, alluding to the rSle of granules in the forma¬ 
tion of fibrin, says: “Free granulations, which we found in the 
blood besides the red and white corpuscles, are very numerous; 
they were termed ‘elementary vesicles’ by Zimmermann. In 
a preparation of human blood examined after rouleaux of red 
corpuscles have formed these granulations may easily be ob¬ 
served, two varieties being distinguishable. The first are spher¬ 
ical, small droplets of fat; the others are angular or variable 
in shape, and appear at first as if they were fragments of white 
corpuscles, but differ from the latter in not being altered by 
water. They are stained by iodine, but remain color!css in car¬ 
mine solutions. We will see tliat these arc also the character¬ 
istics of fibrin.” After reviewing the phenomena that attend 
coagulation, and exposure by washing of the fibrinous net-work, 
he says: “When this preparation is examined and magnified 
four hundred to five hundred diameters, the fibripous retic¬ 
ulum can be seen distinctly, and is disposed in a very interesting 
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manner: From an angular granulation, from 11 to 10 ^ in di¬ 
ameter, very tenuoua fibrils start divergingly, then subdivide, 
to unite wi& other fibrils, in order to form a delicate net-work. 
The preparation is covered with these small net-works, each 
of which has its central granulation. . . . The granula¬ 
tions which serve as centers for each diminutive fibrinous retic¬ 
ulum have the same microchemical properties as the fibrils.” 

A normal deduction which seems to me to impose itself 
in this connection is that fibrin is to the blood what myosin 
is to the muscle-cells, i.e., a post-mortem product due to arrest 
of the oxidation process which during life is insured by the 
adraioxidase—the supposed '^fibrin-ferment.” In other words, 
it not only becomes probable that peptones, myosinogen, and 
fibrinogen are products of the same variety of leucocyte, the 
neutrophils, and therefore chemically similar when liberated from 
the latter, but also that fibrinogen subserves the same purpose in 
the. blood that myosinogen does in muscle: i.e., it supplies it 
with its primary source of functional energy. 

True, the solubility of fibrin differs somewhat from that 
of myosin, but this is probably due not to a difference in the 
molecular structure of fibrinogen as against that of myosinogen, 
but to the influence of the medium in which the granules are 
dropped by the leucocyte. Indeed, the ashes of fibrin contain 
a larger proportion of calcium and magnesium phosphate than 
does myosinogen. 

Another conclusion which now seems-warranted is that 
the neutrophils leucocytes are the agencies which take up proteids 
tn the intestinal canal, and, after submitting them to a process in 
which various physio-chemical bodies taken up by them in the 
portal and hepatic systems take part, distribute the products to 
every part of the organism, including the blood itself. 

Such being the case, the proteids, inclosed in their diminu¬ 
tive carriers, should not be found in the blood of the portal 
system. Foster writer in this connection, after referring to the 
difficulties attending the experimental determination of the path 
taken by proteids: "Bearing this in mind, we may state that 
all observers are agreed that peptone is absent from chyle, or at 
least that its presence cannot be satisfactorily proved. On. the 
other hand, while some observers have succe^ed in finding 
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peptone in the portal blood after food, but not during fasting, 
many bare failed to demonstrate the presence of peptone in 
the blood either of the portal vein or of tlie vessels at large, 
even after a meat containing large quantities of proteids" 
Again: "If an artificial circulation o£ blood be kept up in the 
mesenteric arteries supplying a loop of intestine removed from 
the body, the loop may be kept alive for some considerable time. 
During this survival a considerable quantity of peptone placed 
in the cavity of the loop will disappear: i.e., will be absorbed, 
but cannot he recovered from the blood which is being used for 
the artificial circulation, and which escapes from the veins after 
traversing the intestinal capillaries. The disappearance is not 
due to any action of the blood itself, for peptone introduced into 
the blood before it is driven through the mesenteric arteries in 
the experiment may be recovered from the blood as it escapes 
from the mesenteric veins. It would seem as if the peptone 
were changed before it actually gets from the interior of the 
intestine into the interior of the capillaries.””* Viewed from 
my standpoint, the peptones are hidden in the neutrophils 
leucocytes which the follicles of the segment continue to produce. 
These cells, after migrating over the serum-bathed (and thus 
constantly asepticized) epithelial surface, and ingesting their 
burden, find their way into the villi's venules and thence into 
the mesenteric channels. 

If the foregoing analysis and the various deductions sub¬ 
mitted are sound, the neutrophile leucocytes must fulfill a rdlc 
in the organism commensurate with their relative proportion 
in the blood-stream. Indeed, the following conclusion appears 
to me to have been sustained:— 

The neutrophile leucocytes, through the intermediary of 
their granules, the ^ granulations of Ehrlich, supply (1) the 
blood and all tissues (excepting the nervous system) their 
nutritive elements: i.e., peptones; and (2) the muscles and the 
blood, the compounds from which they obtain their mechanical 
energy when exposed to the action of the adrenoxidase: i.e., 
myosinogen and fibrinogen. 

Ehbuoh'b Eosihophilb Leucocytes. —Metchnikoff does 
not grant Ehrlich’s eosinophiles phagocytic properties, these 
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cdU being Tillable to inglobe foreign bodifo. Again,. As «Rl>ha- 
sized by Ehrlich, the gran^lm of these cells are only stainablo 
with acid dyes, the other varieties either taking only alkaline 
dyes or simaltaneouBly, as does the neutrophile just reviewed, 
both acid and alkaline dyes, etc. This marked affinity for acids 
obviously gives the eosinophile an identity of its own, while 
its non-phagocytic functions as clearly separate it from the 
finely granular cell just reviewed, which is essentially phago¬ 
cytic. Ehrlich’s eosinophile is usually considered imder the 
hiding of "coarsely granular oxyphile cell.” 

These cells only represent from 2 to 4 per cent, of all the 
leucocytes in file blood-stream, but this proportion is rapidly 
incr^sed during disease. Kanthack and Hardy, in the article 
previously quoted, describe them as follows: “The coarsely 
granular oxyphile cell, or eosinophile cell, varies in size in dif¬ 
ferent animals, not only absolutely, but relatively to the dimen¬ 
sions of the other classes of cells. In man it is larger than 
cither the hyaline cell, the finely granular o.\yphile cell or the 
finely granular basophile cell. In the rat, rabbit, and guinea- 
pig, on the other hand, it is smaller than the largest hyaline 
cells, but larger than the finely granular oxyphile and basophile 
cells. 

“The nuclem is typically an elongated body bent to form 
a horseshoe. In the rat the arms of the horseshoe are carried 
so far round that in film preparations the ends often overlap, 
giving to the nucleus the appearance of a circle with a large 
hole in the center. Sometimes the nucleus is lobed; but we 
are inclined to regard this appearance as being largely due to 
the stresses to which the nucleus is subjected when the cell is 
dying. In the living cell at rest, when it is spherical, the shape 
of the nucleus, so far as it can be determined by the disposition 
of the cell-granules, is a simple horseshoe or crescent. A dis¬ 
tinct nuclear net-work is present. 

**Cell-granules .—Tlie cell-granules are relatively large, 
spherical, or slightly ovoid bodies, and are sharply marked off 
from the cell-substance by their very high refractive index, which 
is so grrat that in fluid preparations the granules have a hriiliant, 
greenish luster.** The cell-substance in which they are im- 
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licdded has the appearance of a clear, transparent, structureless 
jelly. The intensity of the oxyphile reaction of these granules 
differs in different animals, but is always liigli. Thus, it is very 
high in the case of the granules of man, these staining with 
cosin dissolved in 95 per cent, alcohol. . . . The granules 

also stain with weak acid dyes, such as Orange 0, htematoxylin, 
and sodium sulphindigotate. Ehrlich-Biondi’s mixture (washed 
out with 95 per cent, spirit) colors these bodies brown-purple, 
and the Neutral’ mixture (washed out with water) stains them'* 
a very intense purple. Corrosive subliinatc increases the oxy¬ 
phile reaction, as does also heat when applied to the dried 
film.»» 

Gulland found Heidenhain’s iron-liaMiiatoxylin extremely 
valuable to counteract “the bright refraction of the granules’* 
which “blinds the eye to the presence of the threads” (my 
canaliculi). The granules are stained opaquely in shades of 
black and gray. He was thus able to ascertain that the gran¬ 
ules varied greatly as to size, the smallest granules lying close 
to the astrosphere and the larger at the periphery, the arrange-* 
ment pointed out by Heidenhuin and shown in Figs. 10, 13, and 
16 of Gulland’s plate. In the newt's blood, as already stated,' 
“these cells are markedly amoeboid, and have the habit of 
throwing out circular pseudopodia, which arc often connected 
to the main part of the cell only by a very delicate thread.” 
Gulland illustrates this feature in Figs. 3 and 6 of his plate, 
and states that “it is evident that the threads arc often broken 
through and the spherical portion of the wdl-body set free, as 
the blood contains a large number of them.'’ He also refers 
to the fact that, “when the eosinopbile t’clls are found degen¬ 
erated in blood or pus e.vamined in the fresh state, the granules 
are always in the Brownian movement.” 

In the study of the granules of n«Hitr<»pliiIe cells 1 re¬ 
ferred to the chemical analysis of Milroy and Malcolm and to 
various points of dissimilarity between these cells and the 
coarse oxyphiles now in question. Considered from the stand¬ 
point of the latter, these investigations showed that, while 
neither alcohol nor ether, nor both of these agents userl suc¬ 
cessively, pitoduced alterations in cither variety, the failure of 
the latter process exchtd^d the possibility of their consisting of 
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fai or leciihin. slkslme solotioDB at about 120" C. caused 
(a feature referred to by the eutbore as BtrikiDg) the zemoTal 
of practically all the granules of the finely granular cells (the 
neutrophiles), and *^r6iBten(» of two structures, the nuclei 
and the coarse ozyphile granules/^ Acetic acid in alcoholic 
solution and oxalic acid caused partial removal of both gran¬ 
ules, but ‘‘sodium ethylate in alcoholic solution removed the 
fine oxyphile granules almost completely and only affected the 
coarse ones to a slight extent.” 

The authors, while concluding that the granules might also 
be nucleo-proteid in nature, i.e., similar to those of the neutro-. 
philc cells, account for the discrepancies in the results of their 
analyses by the following argument: “The fact that weak acid 
solutions dissolve both types of granules at least partially is 
not against the view that they are nucleo-proteid in lufore, 
because these bodies are more easily soluble in weak acid solu¬ 
tions than almost any other complex proteid. The fact that 
some granules are undissolved, while others are removed, is 
probably due to the fact that the former have undergone coagu¬ 
lation, while the latter have been rapidly fixed, although it may 
be also due to the nature of the salts which arc combined with 
the proteid.” 

Still, the very high refractive index to which Kanthack 
and Hardy and Oulland refer is not characteristic of the neu- 
trophile granules, and this seems to me to testify against an 
absolute functional similarity between them and the granules 
of the cosinophiles. Indeed, with the plasma as excipient for 
the adrenoxidase, we can as readily account for the presence of 
the “brilliant, greenish luster” witnessed by the above authors 
as we can for the phosphorescence of the photogenic organs of 
lightning-bugs: i.e., by the simultaneous presence of phosphorus 
and oxygen. This seems to me to indicate that we are dealing 
with a nucleo-proteid body, as Milroy and Malcolm contend, but 
with one richer in phosphorus than that forming the neutrophile 
granules. 

What are the functions of the eosinophile leucocytes in the 
organism? The high percentage of phosphorus in their gran¬ 
ules suggests the possibility of their being lecithin carriers; 
but we have seen that the investigations of Milroy and Mai- 
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(•olm dearly show that tliia organic bwly is absent. L. P. 
Barker,*" of Baltimore, noted the presence of iron in tltc gran* 
ules of the eoeinophile leucocytes,—a point which he thinks 
may be of some value in determining the signiiipancc of the 
leucocytic granulations,—^but we cannot consider them as the 
cells intrusted with transportation of iron from the intestine, 
for they are not phagocytic. Indeed, it has now become evi¬ 
dent that the neutrophiles are intrustetl with this function, for 
Macallum used albuminate of iron. The intestinal leucocytes 
of his previously starved animals evidently took tiiis substance 
up as they would the proteids of their usual food. Barker’s 
observation, however, adds another link to the chain of evi¬ 
dence which unites the eosinophiles to the neutrophiles, for, 
in addition to being both nuclco-proteid carriers, they now 
become also iron carriers. By tracing the itinerary of this iron 
we may, therefore, obtain a clue to the true identity of its 
cellular host. 

The phagocytes seen by Macallum to ingest the albuminate 
of iron being assimilated to those charged at all times with 
the duty of selecting proteids from the intestinal foodstuffs, it 
becomes a question as to where they can part witli their iron 
in order to facilitate its absorption into the ha'moglobin mole¬ 
cule, of which, as is well known, it forms an important con¬ 
stituent. From the intestine the iron is carried to the portal 
system, thence into the hepatic lobule. It must be here that 
the phagocytic leucocytes must take part in some process re¬ 
lated to the elaboration of hsemoglobin, for we have seen on 
page 335 that in the spleen the leucocytes are formed in situ. 
pass out into the pulp-channels, take up the iron-pigment 
(probably that of disorganized red corpuscles), and carry it to 
the liver; Again, and for reasons which are there given, I 
was led to conclude (page 339) that bilirubin and iron were 
used to build up the hsemoglobin in the lobular (hepatic) capil¬ 
laries. The liver, therefore, seems to receive iron from both 
directions—intestine and spleen—a normal mechanism when 
we consider that the liver’s blood passes almost directly to the 
heart, and thence to the lungs. 
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Hov do the eoeinophile {noii-phaffocylic) loococytes ac¬ 
quire their iron? We can hardly imagine that when tlie splenic 
or intestinal leucocytes reach the hepatic lobule their content: 
or any part thereof is disgorg^ to enable another cell to afi- 
propriate it. Indeed, there is not the slightest evidmice that 
such a process occurs, although the eosinophile has already 
been shown to contain not only iron, but also the other main 
constituents of the neutrophile cell. There exists a physiolog¬ 
ical process, however, through which the eosinophile can ac¬ 
quire all the attributes of the latter: i.e., by mitosis, a mode 
of cell-multiplication known to apply to leucocytes and par¬ 
ticularly to neutrophiles. Gulland refers to this feature in the 
following lines: “The cells which one sees dividing or about 
to divide have generally the appearance of medium-sized hy¬ 
aline cells, with a relatively large, rounded nucleus and a com¬ 
paratively small cell-body, in which the mitoma is not easily 
made out. But there is no doubt that cells with horseshoe- 
shaped nuclei [the eosinophiles] divide, and that the nuclei 
may even advance as far as the spirem stage without altering 
their shape. Cells with more markedly polymorphous nuclei, 
as, for instance, the ordinary oxyphile cells, certainly divide also, 
bjut they seem generally to go through a preliminary resting 
stage in which the polymorphous nucleus returns to the rounded 
form.” 

In Qulland’s plate, Figs. 3 and 6, which refer to eosino¬ 
philes from newt’s blood, graphically portray a secondary process 
Uirough which these cells can subdivide, or rather yield a por¬ 
tion of tlieir substance. In 3, a spherical pseudopod is in the 
act of being formed; in C, three similar masses appear, the 
lowest of which is on the point of being separated by the 
mother-cell. Beferring to the bridges that connect net-works 
of granules with basophile leucocytes, Gulland remarks: “I 
have little doubt that when that stage is reached [he associates 
the phenomenon with a supposed process of degeneration] these 
bridges are tom across and the granules are actually left be- 
hind< This forms an exact parallel to that happens in the 
eosinophiles of the newt’s blood.” 

It thus becomes evident that recognized cytological phe¬ 
nomena sustain the conclufdon that MUlrophilr leveocytes are 
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(he parent-cells of ■cosinophile leucocytes, aiul tliat eosiuopkiles 
can part with segments of their cell-substance. 

But does the process of neutrophilic mitosis actually occur 
in the liver? M. Duval/* in his study of the haematopoietic 
functions of this organ, refers to the proportion of the red to 
the white corpuscles in the blood of the portal vein ns com¬ 
pared to that in the hepatic vein, and writes: “Researches in 
this, connection give as result: 1 white corpuscle to 746 red in 
the portal vein, and 1 white corpuscle to 170 red in the su5- 
hectic veins. This difference can only be due to a production 
of white corpuscles in the liver or to a destruction of red cor¬ 
puscles.*’ That red-corpuscle destruction is a function of the 
spleen is sustained by the presence “in the spleen-pulp," using 
Foster’s words, of red corpuscles “in various stages of disor¬ 
ganization, some of them lying within the substance of large 
colorlew corpuscles, and, as it were, being eaten by them.” 
The presence of blood-pigments in the liver has been thought 
to indicate that red corpuscles were destroyed in tiiis organ; 
we have seen, on the contrary, that it is the scat of a recon¬ 
structive process of which haemoglobin is the product. Though 
the liver may be a seat of destruction for red-cell fragments, 
the likelihood that any entire corpuscle leaves the capillaries 
of the hepatic lobules to penetrate the cells is so remote that 
it can be left out of question. On tlie other hand, we have seen 
that these capillaries are the seat of the more important proc¬ 
esses connected with the bloo<1. It seems probable, therefore, 
that the liver, owing in part to the inordinate temperature 
of its lobular channels (106" F.; 41.9" I'.), is also the seat of 
the mitotic process. 

• “At a certain periotl,” write Biilim, Davidoff, and Hulwr,** 
“the embryonic blood consists principally of nucleated rod cells, 
which proliferate in the circulation by indirect division. The 
colorless blood-cells, the development of which is not yet fully 
understood, appear later. It is possible that they also are ele¬ 
ments of the blood-islands, which do not contain any haemo- 
globinJ Tn-a-later period of embryonic life the liver liccomes a 
blood-forming organ. Recent investigations have shown, how- 
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over, that it docs not take a direct jpart in the formation o 
the blood, bat only aervea as an area in which the blood-corpm 
clea proliferate during their alow paaaage through its Teaaeh 
The blind, sab-like endings of the veno*ur capillaries aeem to b 
particularly adapted for this purpoae, as in them the blood 
current atagnatea, and it ia here that the greater number o 
blood-c^lla reveal mitotic figum. The newly formed element: 
are finally swept away by the blood>stream and miter the gen 
eral circulation/* 

Oulland likewise states that the eoainophile cell is derivec 
from the "finely granular acidophile” (the neutrophile), and 
the latter is itself traced back to the lymphocyte. "The transi* 
tion-fonns between the finely granular and the coarsely gran¬ 
ular acidophile cells are seen much more frequently in the 
bone-marrow than in the blood/’ says this investigator, "and 
it seems certain that both from this source and from mitotic 
division the main source of the eosinophile cells is in the bone- 
marrow.” That there is ample margin for my view that mitosis 
may occur in the liver' is also suggested by the following addi¬ 
tional lines: '‘They must arise elsewhere, however, in abun¬ 
dance^ for Schaffer’* and 1’* have shown that they are present 
in the tliymus and in lymphatic glands before either bone or 
bone-marrow is properly'formed at all, and Engel’* has seen 
them in the chick’s blood on the fifth day of incubation. In 
the transition-forms (see Figs. 2, 8, 11) there is little in the 
general shape of the cell and nucleus to distinguish'them from 
the preceding stage.” All the evidence tends to show, there¬ 
fore, that tAs process of mitosis, through which eosinophile leuco¬ 
cytes are formed from neutrophile leucocyte.-, is carried on in the 
capillaries of the hepotia lobules, though it can also occur else¬ 
where in the organism. 

1 have referred to the direct path which leucocytes con 
follow from the liver to the heart and thence to the lungs. If 
eosinophils are formed in the liver, therefore, the lungs should 
show indications of the presence of thse leucocytes. Proof that 
such is actually the case is obtainable with the aid of pathol- 
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og}-: the significaiit fact that in Beveral pulmonary diBcaaea 

eosiQophile odls are to he fotind in the sputum. Teichmuller/^ 
for inrtance, has not only found this to be the case in pulmo¬ 
nary tuberculosis but considers an increase of these cells favor¬ 
able from the standpoint of prognosis. In asthma, though a 
nun-uloeratlve process is present, eosinophiles are to be found 
in abundance in the sputum, and Qollasch” states that they are 
connected with the formation of the Charcot-Leyden crystals. 
I^nharts** states that ^4t is not improbable that the majority 
of cells designated as 'alveolar epithelia’ are variously altered 
forms of leucocytes. The protoplasm very frequently shows 
fine or coanely granular fatty metamorphc»is, which is charac¬ 
terized by the strongly refractive index/* 

The irregularity of the granules, and the manner in which 
they form fibrin, as described by Banvier, and the peculiar 
color of the granules are recalled by the following description 
of the Charcot-Leyden crystals by Ijenhartz; “The Chnrcot- 
T^yden crystals are delicate, very sharply pointed octahedra 
which occur in very variable size. They present a sometimes 
waterclear, transparent, sometimes a slightly yellowish-green, 
Rhine-wine color; they occur either isolated or in dense col¬ 
lections which here and there are jumblefl together, or in 
uniform rows, following the mucous shreds.** The same author 
also says: “The crystals were first found in the sputum by 
Friedreich in croupous bronchitis. On the other hand, Tieydcn 
has drawn attention to their frequent occurrence in asthmatic 
expectoration.** 

The association with various pulmonary diseases obviously 
suggrats that their presence is pathological, whereas we con¬ 
sider their presence in the lung as normal, and their elimination 
in their recognizable form as an accompaniment of the morbid 
state.. That such is the case is shown by the fact emphasized 
by Lenhartz that: “The longer the asthmatic subject is free 
from paroxysms,—^that is, the more time allowed for the forma¬ 
tion of the crystals,—^the more densely the spirals are studded 
with these crystals/* 
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Wliile all theae &ct8 aastain my opinion that the Innga 
dioir ample eyidence of the presence in them of eoeinophile 
cells and of their granules, their identity as offsprings of 
the neutrophiles diould he demonstrable here, as elsewhere, 
through their chemical properties. Indeed, their identity as 
daughter-cells of neutrophile leucocytes does not disappear 
even in the longs, for both acids and alkalis can dissolve them, 
while the test common to both neutrophile and eoeinophile 
granules, i.e., insolubility in alcohol, is also applicable here. 
Lenhartz not only confirms this assertion by saying, in refer¬ 
ence to the crystals: ^"They are readily dissolved in warm 
water, acids, and alkalies, but are inaolubl^^ in alcohol”; but 
we also, it seems to me, can consider, as confirmation of my 
interpretation jot the identity of the granules from which the 
crystals were derived, bis statement that: ‘^fixation of the air- 
dried preparation for one hour in absolute alcohol and subse¬ 
quent staining with Chenzinsky’s eostn-methylene-blue solution 
also gives very good results.” 

All these facts further confirm the origin of Ihe eosino- 
phile leucocytes from the liver, for there is no other path that 
would have brought them to the longs. They also seem to me 
to indicate that, after their formation by mitoaie in the liver, 
eoeinophile leucocytes are carried to the pulmonary lobules. 

This question has already engaged the attention of pathol¬ 
ogists, including Virchow, Wagner, and Cohnheim. Tienhartz’e 
• view is fully sustained by my own investigations, however, 
when he says: "It is not improbable that the majority of the 
cells designated as "alveolar epithelia’ are variously altered 
forma of leucocytes. The protoplasm very frequently shows 
fine or coarsely granular fatty metamorphosis, and is charac¬ 
terized by the strongly refractive index." Again, while Len- 
harts expresses his belief that the positive identification of 
the "alveolar epithelia” is "extremely diflScult,” he states that 
he understands thereby ‘Hhe large oval or round polygonal 
cells, tiiree to six* times as large as a white blood-corpusde, 
which are found in almost every sputum. The usually large 
cdl-body is coarseily gramdar, and contains one or several 
vedde-like nuclei.” The true identity of epithelium of the 
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akeoli and, therefore, of the lobule of which they form part 
liow seems clear, if interpreted in the light of the data I have 
i^iibmitted:' The cells to which Lenhartz refers, i.e,, the lobular 
rfdthelial cdls, are aggregates of the polynuclear netUrophjles 
and of the daughter-cells of the latter, the eosinophiles. 

We have seen that the neutrophilca start from the intes> 
tinal canal; that Macallom and L. F. Barker found leucocj'tea 
gorged with iron in this region, and, finally, that some bilirubin 
at least is recovered from tlie intestine—obviously, now, by leu¬ 
cocytes. We have traced the latter from the intestinal canal, 
through the portal system, liver, hepatic veins, heart, thence 
to the alveoli. After giving the formula of haemoglobin, Foster 
writes: *‘It will thus be seen that lucmoglobin contains, in 
addition to the other elements usually present ’in proteid 
substances, a certain amount of iron, that is to say, the 
element iron is a distinct part of the haemoglobin molecule, a 
fact which of itself renders luemoglobin remarkable among the 
chemical substances present in the animal body.” Kanthack 
and Hardy noted, as previously stated, that “in fluid prepara¬ 
tions the granules have a brilliant, greenish luster”—a charac¬ 
teristic of fine haemoglobin crystals. Haemoglobin is readily 
soluble in blood-serum, as arc the granules, we have seen. 
Ether coagulates haemoglobin; it caused, in Milroy and Mal¬ 
colm’s experiments,"’ the granules to lose a part of their re¬ 
fractive power, even wlien boiling ether was usctl. The proteid 
constituents of the granules of the ncutrophilcs, myosinogen 
and fibrinogen, belong to the globulin group. 

This recalls my statement in the first edition of this work 
(p. 441), in respect to the manner in which the heart-muscle 
was nourished: “Paradoxical as the statement may seem, I 
was led to conclude that the minute granules referred to on page 
433”— a general outline of the prevailing views concerning the 
histology of the myocardium, in which the minute pigment- 
granules, easily seen therein microscopically, are mentioned— 
‘Srere actually supplied to the heart through the intermediary 
of leucocytes. These cells were found to migrate from the liver 
(also ihrough the hepatic veins) to the inferior vena cava, where 
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Uiey meet the adrenal secretion and proceed with it to the righi 
ventricle.” 

We can now understand how the grannies of the neutro- 
philes are supplied to the muscle-fibers by quoting another of 
my statements (see page 434) concerning the distribution of 
fiuids in tlie intimate structure of the heart: ''Fluids can 
penetrate through the maze of cellular tissue to the bare 
muscular fibers; the sheaths that include the columns or 
chains of muscular bundles afford a peculiar system of canal¬ 
ization through which the liquids can easily gain access to tliem. 
The canals—^the lacnme of Henle—are the intervals between 
the columns ‘ of secondary bundles, or their sheaths, rather, 
which are placed in longitudinal apposition. Schweigger-Seidel 
and Banvier having observed that interstitial injections of col¬ 
ored substances penetrated the lymphatic vessels, the lacunoe 
have been considered as adjuncts, or extensions, of the latter.” 
In this sense, therefore, the Thebesian channels are adjuncts of 
the lymphatic system, for it is through their intermediary that 
the lacunn of Henle are supplied with myosino^ granules and 
—a feature I wish to emphasize—their nutritional peptonre 
and their fibrinogen. All of these jointly supply the heart with 
its working energy, when acted upon by the adrenoxidase of the 
blood-stream, and, u is the case with all the organs previously 
reviewed, by the thyroiodase also contained in the r«l corpuscles. 

The bulk of the venous blood which enters the heart is 
sent, we have seen, along with its adrenal secretion and its leu¬ 
cocytes—^neutrophils and eosinophile—^to the lunge, Virchow, 
Friedreich, Leyden, Cohnheim, Wagner, Iienhartz, and other 
investigators having found them in the sputum, and histology 
having demonstrated their presence in the alveoli. Again, the 
path for tliese leucoc^es from the intestine to the true respira- 
tory areas of the lungs is comparatively direct: features which 
distinctly suggest that the protective functions in the respira¬ 
tory tract resemble those in the intestinal canal, as regards the 
eosuu^hilic granules and the phagocytic functions of the neu- 
trbphiles, both kinds of cells being present, os we have seen. 
Of course, the intestinal lymph-follicles being the source of 
these cells, another arrangement prevails in the pulmonaiy 
lobules: t.e., that to which we referr^ on page 713, to the effect 
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tliat the lobular epithelium per se is an ||ggrcgate of neutro- 
])hile8 and eoainophiles. 

We oan readily understand, now, why the eoainophiles de¬ 
plete themselves of their granules in the alveoli: i.e., to dis¬ 
solve them in the plasma prior to their absorption by the red 
i-orpnscles. Indeed, the reticular structure of red corpuscles, 
“the Ba w»e as that of colorless blood-corpusclo*,”"* observed 
by Louis Elsberg in 1879, scorns to me to prewnt all the fea¬ 
tures that have led me to consider as canaliculi the threads that 
(•onstitute this reticulum in the latter cells. That the red- 
corpuscle "granulations,” "platelets,” or “haematoblasts” de- 
riv^ frcHn them are mere droplets of adrenoxidnsc poured out 
through these canaliculi is shown by the fact that the charac¬ 
teristic affinity (requiring oxygen and alkaline salts, according 
to Ehrlich) for methylene-blue again appears: i.e., as manifested 
by the deep-blue stain which we found in other structures, the 
axis-cylinder, neuroglia, etc., and in the leucocytes themselves. 
This fact was also noted by Litton.** That the droplets pass 
out through centrifugal channels in the cell, and that the 
latter presents the general mechanical characteristics of leuco¬ 
cytes, is also suggested by the researches of Hirschfeld,** who 
observed that the "blood-plates” are first seen as circular disks 
occupying the center of the cell, then move very slowly toward 
the periphery, and finally drop out of the cell through a minute 
aperture, which closes up again. As the "plate” leaves the cell 
the external portion gradually increases in size’and is connected 
with the rest by a thread. Several of these may leave the cell 
together from different parts of the periphery. He also found 
them to stain with methylene-blue and hasmatoxylin. It is 
evident that we have in the red corpuscle a diminutive nucleated 
sponge capable of absorbing hsemoglobin from the serum of the 
pulmonary alveoli and of dealing it out in the blood-stream as 
needed by the tissues. 

This feature and the functions of the leucocytes just 
described introduce complemental factors in the respiratory 
process as I interpreted it in the second chapter. It now seems 
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to me that the wl^e prooesB ia sommarised in the following' 
conclnsioDB:— 

1. The true reUpiratory areas in the pulmonary lobules ar<* 
composed of the alveolar endothelial plates (the non-nucleateiJ 
epithelium) and groups of eosinophile leucocytes (the nucleated 
epithelium) interposed between the former. 

2. The eosinophile cells are the bodies tn which hamoglobin 
is formed from the proteids, bilirubin, and iron absorbed by 
their parent’Cells, the neutrophiles, in the intestinal canal. 

3. When the eosinophile leucocytes reach the alveoli from 
the liver vid the heart they assume an orderly arrangement and 
alter their shape, so as to form the alveolar epithelium. 

4. The eosinophile leucocytes supply the adjacent plasma 
with their hcsmatin, and the latter is absorbed by the underlying 
red corpuscles along with the oxygenized secretion (adrenoxi- 
dase) to form hemoglobin. 

5. Leucocytogenesis being governed by the adrenal system, 
the main factors of the above respiratory process, the production 
of eosinophile cells and of adrenal secretion, are thus dependent 
upon the functional integrity of this system. 

6. The neutrophils leucocytes which accompany the eosino- 
philes migrate from the capillaries of the pulmonary artery to 
the perialveolar lymphatics, and supply the interlobular struc¬ 
tures with their nutritional and functional elements: i.e., pep¬ 
tones, myosinogen, and fibrinogen. 

7. During certain diseases neutrophile and basophUe leuco¬ 

cytes may also penetrate into the alveoli and be found in the 
sputum. X 

Tub Basophils Ledcocytes. —^Tliese cells show the di¬ 
vision into two groups, "finely granular” and "coarsely gran¬ 
ular,” which characterizes those just reviewed. They seem to 
differ from the latter in every other way, however, for, while 
these are amoeboid, basophiles are not considered so by most 
histologists. Gttlland—rightly, in my opinion—contends that 
they are, the variations of shape that they show and the man¬ 
ner in which they are scattered throughout the body being 
adduced as main reasons. The nucleus is round, oval, or kid- 
n^-like; is less clearly differentiated from the cdl-eabstance. 
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and sttiiiB witii much greater difficulty than that of the neu- 
trophileb 

Aa regarda their diatribution, Ehrlich and Hanvier found 
them in the peritoneal, pleural, and pericardial cavities, and 
also in the connective tiasue, but, aa emphasized by Kanthack 
and Hardy, the cells in the connective tissue differ somewhat 
in shape and size from those in the tliree cavities mentioned. 
The latter investigators also found the cbarsely granular baso- 
philes ^^exceedingly nuiheroua in connective-tissue spaces, where 
they form sometimes an almost complete sheath for the lympk- 
oapillaries.” Their distribution furthermore resembles that of 
the eosinophiles in the fact that they are relatively very scarce 
in the blood. 

The chemical characteristics of the basophile granules is 
suggested by a curious phenomenon which is especially notice¬ 
able in animals, and to which Kanthack and Hardy refer in the 
following words: **The unstable, or explosive, nature of the 
coarsely granular basophile cells in certain animals is one of 
their most remarkable characters. In the rat and mouse per¬ 
fect preparations of these cells may he very easily made, but 
in the guinea-pig and rabbit they can be preserved only witii 
the most rapid fixation by heat or absolute alcohol. In these 
animals the mere exposure of the coelomic fluid to the air, or 
to contact with a cover-slip for a few seconds, is sufficient to 
cause their complete disappearance. Cells characterized by 
great instability have been described elsewhere in astacuB** as 
the ‘explosive* cell of that animal, and the basophile cells of 
the guinea-pig and rabbit might, with equal justice, be desig¬ 
nated the explosive cells of those animals.’* A familiar histo¬ 
logical fact will suggrat the relationship between such a cell 
and adrenoxidase. Berdal,** quoting Hanvier, says: ‘"The 
action of oxygen or of the air may be observed in an extremely 
simple way: A lymph preparation which has served for the 
examination of amceboid movements is carefully surrounded with 
paraffin and set aside for thirty-six hours. If, at the end of 
that time, the lymphatic cells are examined, all will be seen 
to have reaasnm^ the spherical form and to no longer project 
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pseudopodia. Bemoval of the paraffin and laiaing of the di^k 
so as to admit a small quantity of air will suffice to cause tln' 
amoeboid motion to recur.’* The explosive nature of tlx- 
coarsely granular basophile cell can only be due to the ont- 
cause: the presence of large proportion of phosphorus both in 
its nuclein and granules. « 

In their paper upon the free granules derived from leuco¬ 
cytes Stokes and Wegefarth review the investigations of H. F. 
Muller, of Nothnagel’s clinic.” • This observer found them both 
in diseased and normal blood, and describes them as ^'highly 
refractive, round, or dumb-bell shaped bodies which show a 
dancing, molecular movement, but no independent motion.” 
When mounted in 1 per (»ni osmic acid "the reaction for fat 
does not occur,” nor can they be dissolved by acetic acid or 
ether. An important feature in connection with our inquiry is 
that Miiller is recorded as stating that "he does not consider 
them as Ehrlich’s neutrophilic granule escaped from leuco¬ 
cytes,” and that "the neutrophilic granules are dissolved by 
diluta acetic acid, while the bodies which he has studied are not 
dissolved by this acid.” This is in perfect accord witix the 
chemical analyses of Milroy and Malcolm, who found that acids 
dissolved cosinophile grannies, and with the observations of 
^nhartz in respect to those found in sputum. Stokes and 
Wegefarth further emphasize the dissimilarity of basophiles 
from acidophiles in general, as viewed from my standpoint, 
when they say, doubtless referring to Banvier’s interpretation 
of the purpose of the granules of white globules: "They are 
not concerned in the formation of fibrin, since they remain out¬ 
side of the fibrinous net-work or are only accidentally attached 
to it.” We thus have evidence to the effect that basophiles are 
different from neutrophiles, both chemioilly and functionally. 

What is the nature of these granules? Muller is stated to 
disbelieve "that they are true particles of fat, since they do not 
give a reaction with osmic acid,” while he is credited with the 
opinion "that they may be' bodies resembling fat, but which 
fail to show the oemic acid stain.” Indeed, the persistence 
with which this characteristic appearance is noted by investi* 
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gators is noteworthy; Thus, Kdlliker,*' Banvier,** Bizsorero,** 
von Liinbeck,” and Hayem** are referred to by Stokes and 
Wegefarth as having also observed bodies resembling fat-gran¬ 
nies in the blood of normal human beings, those of the last- 
named inveati^tor and others described by Scbiefferdecker and 
Kossel** also as fat-granulm being thought by Miiller to be 
identical to those observed by him. That they arc tai-Iike, as 
thought by Miiller, but not fat, seems clear. 

Miiller, we have seen, refers (as do other investigators) to 
the fact that these granules are “highly refractive.” As tins 
sign also attends eosinophilic granules, it would appear to have 
but little differential value; such is not the case, however, 
when this property is jointly considered with the osmic acid 
reaction, for we diave here the two main distinctive signs of 
myelin. “It is extremely refringent,” writes Bcrdal, referring 
to the latter; and he also alludes to the familiar fact that 
“myelin treated witii osmic acid” stains black. 

Still, if the granules are composed of myelin, the active 
constituent of the latter, lecithin, should l>c present,, since we 
found this body not only in the m}'elin of nerves, but also in 
that of the neuron and the interior of the dendrites. That 
some granules do contain this body is evident, inasmuch as 
Foster, in his review of the physiological chemistry of white 
corpuscles, writes: “Next in importance to the proteids as con¬ 
stant constituents of the white cells come certain fats. Among 
these the most conspicuous is the complex fatty body, lecithin,'' 
As we now know that the nuclei of all leucocytes arc similar in 
composition, this can only apply to their granules. 

This involves the necessity of differentiating between the 
two kinds of granules present, the acidophilcs (ncutrophiles and 
eosinophilcs) and basophiles, Foster points to this distinction, 
it seems to me, when he says: “next in importance to the 
proteids,” etc. The basophilic granules arc evidently not 
composed of nncleo-proteids; a fact which eliminates the acidor 
phile cells and their granules. Indeed, we have confirmatory 
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evidence that it ia not tiie latter wliich contain lecithin in the 
following allusion to both kinds of acidophile granules by 
Milroy and Malcolm: ‘^he fact that neither alcohol nor ether 
dissolves the granules excludes the possibility that they consist 
of fat or lecithin " 

How do basophile cells acquire their lecithin-building con¬ 
stituents? As is well known, emulsified fate also penetrate tlie 
intestinal villi, but, instead of entering as do nucleo-proteids 
into the venules, they enter the lymphatic circulation directly, 
by way of the lacteals. Are they absorbed by the villi, and then 
by the lacteals, or are they also taken up by leucot^tes and 
carried into the latter? Inasmuch as the lymph contained in 
the lymphatic vessels is itself crowded with leucocytes similar 
to some of those found in the blood-stream, we must first ascer¬ 
tain whether these leucocytes in any way leave the lymphatic 
circulation in the intestine as they evidently do when the 
lymph-ducts open into the general venous system at-the junc¬ 
tion of the internal jugular and the subclavian veins on both 
sides. 

It may prove useful, however, to recall from the start that 
the so-called "chyme^* and "chyle” represent the same liquid, 
t.a., the lymph, and that these terms were suggested by a tem¬ 
porary quantitative difference in the constituents of the lymph 
in the mesenteric lymphatics, which are greatly increased dur¬ 
ing the process of absorption. Again, it may also be well to 
refer to the fact tlut lymph is merely blood-plasma practically 
devoid of red corpuscles, but containing lymphocytes and 
coarsely granular basophile leucocytes, and, besides, minute fat- 
globules which show an active Brownian movement, though 
covered with a thin layer of protoplasm to prevent their run- 
- ning together as fat-drops are wont to do. 

"Lymph also contains fibrin,” writes Mathias Du^l, ^*bnt 
a fibrin whidi is slow to coagulate spontaneously; indeed, lymph 
removed from the vessel begins, after a quarter of an hour or 
so, to harden into a colorless jelly, from which a reticulated mass 
soon becomes separated, aa does blood-fibrin undergoing coagu¬ 
lation.” The (»uae of this delay seems to me but a natural 
result of the absence of both varieties of acidophile leucocyteiS 
while the dow coagulation is but a normal consequence of the 
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fact t h** the lymph is plasma which, though doriveil from tlic 
biood, and deprived of ncutrophilc Icuctwytes, nevertheless con¬ 
tains more or less fibrinogen. ‘‘More or less" is applicable in 
a double sense here, for lymph taken from the lymphatics of 
the extremities, for instance, coagulates more rapidly than that 
taken from some vessels of the trunk. Lymph also contains 
serum-albumin and serum-globulin in reduced quantity, and 
relatively very small proportions of urea, neutral fats, and 
sugar, as compared to the blood. Such is not the case, however, 
as regards inorganic salts, which are present in the lymph and 
blood in similar proportions. 

What is tlie nature of the process through which fats are 
taken up from the intestine and their itinerary in the bhsMl- 
stream until they are used for the elaboration of basophile 
granules? 

Stewart,** referring to the nature of this process, says: 
“The common view has long been that the gn^ator part of the 
fat escapes decomposition, and, after emulsification by the soaps 
formed from the liberated fatty acids, is absorlwd as neutral 
fat by tlie epithelial cells covering the villi. If an animal is 
killed during digestion of a fatty meal, these cells are found 
to contain globules of dilTenmt sizes, which stain black with 
osmic acid, and dissolved out by ether, leaving vacuoles in the 
cell-substance, and arc therefore fat. It has always been diffi¬ 
cult to explain how droplets of emulsified fat could get into 
the interior of the epithelial cells, and yet it certainly passes 
into them, and not between them.” Foster also refers to this 
feature in the following quotations: “It has, it is true, been 
maintained by some that they [the neutral fats^ pass between*^ 
the cells, and not into them, but the evidence is distinctly 
against this view.” Alluding to the rods of the striated border, 
he aajB: “We may imagine that the globules pass into the cell- 
substance by help, in some way, of these iwls through amns- 
boid movements comparable with the ingestive movements of the 
body of an amoeba; but we have no p<Mitivc evidence to support 
this view.” . . . “Within the columnar cell, the fat may 

be seen, both in osmic acid preparations and in fresh living 
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cells, to be disposed in globules of Tarious sii^s, some large ainl 
some Amall, each globule placed in a space of the protoplasmii 
cell-substance. It does n^ follow that the fat actually entered 
the cell exactly in the form of these globulea; it may be tlmt 
the fat paeses the striated border in very minute spherulcii. 

. which, readiing the body of the cell, run together into larger 
globules; but whether this is so or not we do not know.” 

All this seems pointedly to suggest that the epithelial cells 
take up minute fat-particles to submit them to some local proc¬ 
ess. B5hm and Ton Davidoi!** emphasize the feature of the 
process when they say, referring to the fat-globules in the 
epithelial cells: '*It seemed most probable that protoplasmic 
threads (pscudoiMxlia) were thrown out from each through its 
cviicular zone, which, after taking up the fat, withdrew with it 
again into the cell. But when it was shown that, after feeding 
with fatty acids or soaps, giobnles of fats still appeared in the 
epithelial cells as before, and that the chyle also contained fat, 
the hypothesis was suggested that the fat is split up by the 
pancreatic juice into glycerin and fatty acids, and that the 
fatty acids are then dissolTed by the bile and the alkalies of 
the intestinal juice, only again to combine with the glycerin to 
form fat within the epithelial cells.” Stewart further states 
that *‘when an animal is fed w’ith fatty acids they are not only 
absorbed, but appear as neutral fats in the chyle of the thoracic 
duct, having combined with glycerin in the intestinal wall, 
and the epithelial cells contain globules of fat, just as they 
do when the animal is fed with neutral fat.” It seems clear, 
from tlicse and other available data, that the epithelial cells of 
the villi capture fat-globules from the intestinal contents and if 
need be convert this fat into neutral fats. 

AVe have seen, however, that the villi also take up the 
leucocytes which ingest proteids. It is important, in this con¬ 
nection, to clearly distinguish the two mechanisms involved 
one from the other. Bohm and von Davidoff testify to the 
passage of such cells into the villi by stating: ^'Leucocytes are 
sometimes found within the epithelial cells, but more usually 
between them, and, according to Stohr, when seen in these 
positions are in the od of migrating into the lumen of the ior 
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teatine.” Stewart, howaver, remarks, in this connection: “I^u- 
locytcs have been asserted to be the active agents in the ab- 
i 4 >rption of fats. They have been described as pushing their 
way between the epithelial cells, jUshing, as it were, for fatty 
particles in the juices of the intestine, and then traveling back 
to discharge their cargo into the lymph. This view, however, 
is erroneous.” It is erroneous, but only in one respei't, in my 
Opinion, i.e., their direct connection with the absorption of 
fats, for, as stated, the functions of those wandering cells is 
to carry proteids to the intravillous venules. Those do not, 
therefore, enter the intravillous laoteals. But other leucocytes 
penetrate the latter with the neutral fat-globules. “Although 
the leucocytes do not aid in the absorption of fat from the 
intestine" says Stewart, “they appear to take it up from the 
epithelial cells, conveying it through the spaces of the net-work 
of adenoid tissue that occupies the interior of the villus, to dis¬ 
charge it into the central lacteal, where it mingles with the 
IjTnph.” The distinction I suggest in this connection appears 
to me to remove the confusion that e-xists in the literature of the 
subject. Briefly, my conception of the process is as follows: 
While the leucocytes which ingest proteids from the intestinal 
foodstuffs pass between the epithelial cells and enter the venules, 
the leucocytes which ingest fats only carry the latter from the 
inner limits of the epithelial cells to the interior of the lacteal, 
and deposit them therein. 

Sir Michael Foster expresses the opinion that the number 
of leucocytes found to contain any appreciable degree of fat is 
too sm«ll to account for the amount of fat absorbed. But i 
seems to me tliat, if these only transfer the fat fnmi the epi¬ 
thelial cells to the lacteals, the to-and-fro excursions of each 
cell and the enormous number of villi over which the foiHl of a 
single meal has to pass amply compensate for the apparent 
paucity of cells. An additional reason adduced by Foster is the 
fact that the administration of a saline such as magnesium 
sulphate ^‘prodnees effects the very reverse of absorption,” these 
cells being present in unusual numbers. As inte^reted from 
my standpoint, and as will be shown when the action of purga¬ 
tives is studied, these agents greatly increase tlie flow of aerum 
into the intestii^ canal by reflex action and crowd its walw with 
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defensive agencies, inclnding leucocytes. We are dealing here 
not with a normal procem, each as is the fat-absorbing function, 
but with on engorgement by protective elements. 

The axial contraction and relaxation which occur in the 
villus to cause its various contents to gravitate into their re¬ 
spective channels may, however, be instrumental in causing fat- 
, particles that have already passed the epithelium to enter not 
only the lacteal, but the venules also, fat-globules, or what pur¬ 
ported to be such, having been found in the blood. This fea¬ 
ture and the manner in which fat-globules reach the general 
lymphatic circulation are exemplified in the following lines by 
Stewart: **The contraction of the smooth muscular fibers of 
the villus and the peristaltic movements of the intestinal walls 
alter the capacity of the lacteal chamber, and so alternately 
fill it from the lymph of the adenoid reticulum and empty it 
into the lymphatic vessel with which it is connected. By this 
kind of pumping action the passage of fat and other substances 
into the lymphatics is aided. In the dog no fat is absorbed 
by the blood-vessels, except perhaps a small quantity in the 
form of soaps; it nearly all goes into tlic lacteals, and thence 
by the general lymph-stream through the thoracic duct into 
the blood." 

An interrating feature now asserts itself. Again are all 
the basophilcs poured into a channel, the left subclavian vein, 
which empties into a large venous trunk, the superior ^rena 
cava, which in turn carries them to the right heart. We have 
practically a repetition of the process witnessed in the cose of 
the neutrophiles with the exception of the passage through flie 
liver, the basophiles being directly transmitted to the heart, 
and therefore likewise to the pulmonary lobules. 

Indeed, my view that the granules of these cells ars myelin 
seems confirmed in this connection, for, while Lenhartz 
alludes to the neutrophilic granules found in colorless sputum, 
and to the fact, that the sputum of asthmatics contains 
‘Numerous eosinophile and quite numerous hasojAUe leuco¬ 
cytes," he also refers, when reviewing tlie characteristics of 
the cells observed microscopically in this connection, to cells 
that **pre8ent considerable coarse granulation," and remarks: 
**Here, however, the spherules show a decidedly dull appear- 
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ance, resembling that seen in crtu^td nerve^nibstancet. For 
this reason thqr were designated by Virchow as mjfelin drop- 
leta." Moreover, Lenhartz” publishes a colored plate, one of 
the figures of which represents what he terms with E. Wag¬ 
ner ^‘heart-leeion cells” found in the lungs. The granules of 
these, he says, **are similar to myelin, and, occasionally, more 
refringeni than fat.** 

Evidently the nervous system is supplied with its myelin 
precisely as the muscles are supplied with their myosinogen. 
Eanthack and Hardy state that the coarsely granular cells are 
not only rare, but completely absent from the blood, while the 
finely granular are relatively rare in the latter except some 
hours after a meal. **To say that these cells arc found in the 
body only in very small numbers, being confined to the blood 
and scanty even there,” remark these investigators, referring 
to the finely granular basophiles, “is probably only equivalent 
to saying that we are at present very ignorant as to their his¬ 
tory, distribution, and significance. However, since we find 
this cell in the blood, but do not find it cither in the ccelomic 
fiuid or in the interstitial spaces of the tissues (except, per¬ 
haps, in those of the mucous coat of the alimentary canal), we 
must, until further facts are forthcoming, regard it as the baso- 
phile cell of the blood.” Still, they refer to the coarsely gran¬ 
ular cells as “occurring only in the extravascular spaces” and 
in the “interstices of the connective tissue.” 

It is probable that we have in the finely granular cell the 
freshly laden cell on its way, when in* the blooil, to its normal 
habitat, the connective-tissue spaces, where their granules de¬ 
velop into their normal size. Indeed, Oulland alludes to a 
basophile cell, represented in one of his plates, of which he 
says: “The leucocyte was seen to have been fixed in the act of 
pasting through a narrow hole between two bundles of connective 
tissue.” This cell is furthermore accompanied by a large num¬ 
ber of granules held in a net-work of fibers, which the cell 
appears to drag along in its travels. It is of this variety of 
leucocyte that Gulland says: “It has often been remarked that 
these cells show a great tendency to leave their granules be¬ 
hind them,” etc., and the one which, in the portion of this 
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^Nmgh connectiTe-tiaaiie intentioea kaa lor iia pnipoae to 
taaok tiie myelm-spacee of nmea ia dearfy angj^tad the 
maimer in which the lymphatic apicea are arranged even in the 
dner nmiflcationa "In its coorae HeDle*a aheath ia not ap- 
p)i^.again8t the nenre-tobe,” writea Beidal**; ^‘there ia between 
it and the nerve-tube a apace occupied by lymph-plasma which 
has for its purpose to supply the cylin&r-axis with its nutri¬ 
tion.” If this atatement is interpreted fnnn the atandpoint of 
my views, it is more than nutrition, but myelin-granulee, which 
insinuate themselvesr-thiough. chemical aflSnity, doubtiess— 
wherever tliere is need for them: t.e., wherever their consump¬ 
tion hils been greatest. "Medullated nerve-fibers, when eum- 
ined, frequently present a beaded or varicose appearance,” say 
Pick and Howden**; "this is due to manipulation and pressure 
causing the oi/y matter to collect into drops, and in consequence 
of the extreme delicacy of the primitive sheath even slight 
pressure will cause the transudation of fatty matter, which 
collects in drops of otf outside the membrane.” Evidently we 
are not dealing with a fixed mass, but with one made op of 
extremely mobile particles, which to me, at least, represent as 
numy basophile granules. If the space between Hcnlc’s sheath 
contains lymph supplied with myelin-granules, what is the dif¬ 
ference between a nerve thus supplied with its primary source 
of energy and a "medullated” nerve? None, in my opinion. 
Such a nerve a» a non-medulhted nerve does not exist, therefor^ 
dnee a nerve deprived of myelin, if interpreted from my view¬ 
point, would become a mere plasmarchannel. 

' The pathway to all nerves becomes greatly simplified down 
to their terminal ramifications, it seems to me, in the presence 
of Gnlland's. observation concerning the passage of a baaophUtf 
leucocyte **througlt a narrow hole between two brmdles of oon-> 
neetive tissue.” Indeed, "the lymphatic vessels do not exist is 
distinct channels in the intofascicular connective tissue^” says 
Berdal. ^There is no lymphatic vessel .in the tbi^ r M<!» of the 
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nerrans bmldles nor in the sheetk surrounding them (Ban¬ 
ner). The circulation of the lymph in the interior of tlie 
bundlea is insured by the arrangement of the interfascicular 
connectiTe tissue, the meshes of which represent lymphatic 
caritieB communicating with the vessels of the interfascicular 
tissue through h<de$ in the lamellar sheaths.” On the whole, 
therefore, it seems to me permissible to conclude that:— 

1. The phyaiological function of the hnsophile leucocyte is 
to convert fate derived from the intestinal foodstuff a into myelin- 
grtmules, and to distribute the latter to all parts of the nervous 
system, including the brain. 

S. The basophile leucocytes thus supply the entire nervous 
system with the lecithin-containing compound which combittes 
with the adrenoxidase of the blood-plasma of axis-cylinders, 
neuroglia fibrils, etc., in the production of nervous energy. 

The different varieties of leucoc^'tes reviewed so far rep¬ 
resent, it seems to me, the only three adult functional types, 
the lymphocytes and hyalines being, as stated, immature cells. 
Thu does not mean, however, tliat the latfor arc functionicss; 
indeed, we have seen that when an active process is initiated 
these younger cells rapidly increase in the biofal and intestinal 
tract, to replace the large number of their ciders tliat have dis¬ 
appeared to take part in this process. Their development must 
be extremely, rapid, therefore, and their numl>cr coinnicnsurato 
with the number of adult leucocytes brought into action, 
whether this be to distribute (1) the neutrophilic peptones, 
myosinogen- and fibrinogen- granules, (2) the eosinophilic hiein- 
pglobin granules or (3) the basophilic myelin-granules. 

IHE FUNCTIONS OF THE LEUCOCYTES IN IMMUNITY. 

As the study of the functions of these cells is continued 
and amplified in the second volume, I will merely incorporate 
in ihiif sectum a few brief facts based on the data submitted in 
the foregoing pages and conclusions based on a study of the 
snl^eci; whi^ study cannot for want of space be reproduced 
here. 

Hetchnikoff terms ^^hagoc^te” any cell deprived of a cell¬ 
ular membrane and capable of incorporating bacteria and other 
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iubstances, and of ^t^ating ftem. In the blood, certain 
leococytes, partkmlarly the nu>bile or wandering nentraphilic 
or polymor^onnd^ fonna (the ^^niczophageB”), the fixed 

.■ Jf***^*^ ” L-PMOtf'. phmoBMMm ooeartlu to Oui 

Mw ion n ntona*4 galaM-plc, th« mdatloa Imlac Imib Mk 
Ciawa t« ggaalM Bfinihi* lammet 1 «Wo oraUinatar of 

n. 10^1 •* a oamn t ^wnwanappi, efcoleni'Stflr«2^SLS2^ 

Maa I, lemnwrtii!. OMUar a v* felii —ww Mwvtam- 

„ awwlw rtawd a^a a collMttoii at naud.. 

?*** »tonn after tiia injaettoii of l wMa anti* 
Miter a f aortMaa to wkwa M Im adda« a thM of a eoltwro a( 

n . sssiKS: 

•*oai;Jmtk^aaaMgaroa,turaofllaiinahTlln>, OoatofcvJjKT 

akoeoTm wmuataa 10 iraaalaBi 

*°* * *•* W««a-oorpBool6 (k) from tho aaiaa «»n*«t'i«a . i—t urtm 

ite' ““f "«*“»*« iw thiM aae oao-half hoara n#! 

iiiinfr tho* a^toa’ late *"”* **** iwaiUoo wftMrava tear 

™7T- ^ *?*® *•» PwttoBiiua of a aalaaa-plc (unir raod* 

and prapared wltli i ouble eantloMtin ol bonlilDn) df 1 obMo nMfim^Mi ^ 
SS™ ^th mm-nrt Of a. agar* oi1tor.TSrt«l:^!t*S^ 

Mwil^of e emahed maorophaga. Btalalag with lambpIno-Wam Ootfar'l 

T-MMonoclaar laDooepta «1M with Oaomfote ahotete '-Wk 
nnttM tndatUm of a gaiaaa-plg. Oealar X «/» 

1 .. ... ” **•■ *?“• ••—Two polyaoelaar iaaeoertea Cram tho wtaiaim iite 
vSrSn*" “*^ *“ **‘" '***** *" *• ionaopiuia a^ <w-a ^ 


^ ^ U>—Varioua pha am la tho' ihwHw of dalimw'atvate^ 
iMiWtea. Baagiag drop, atalaad wHhootef^ 
•* • nuiaa-plg toporraoilaated ftr almwl Mi teS 
“•ffiiwsit wtth t MMo OBBtlBMtan of beollloa. Tho Ou an. 

tear tetoatea after tho pmttewmi lajootloo of oaodhMM aa —- -- 

>« “ > i«»-r--•• 

^ »• tematloa of ooftam of 


had waa mado with tho mwlatloa team aa hrparmnra 

mwa tear mlaateo tUme tea teteoduetloa 'teto' thO -- 

kmiu. Ooalar h VW tttei: ^ “ Pfiwwwni of tha Ktai 

amwn^. “ ^ *^?^ ‘^*^***^ "M** ®* »-iellote Of KM rod baolUi 
team withia a «d^pv^|aMMp^^ te dim of paOteaaol^ 

Tha drop •«» pNnit®Wditeila£rofM hr^^ 

Srtintoto larteimtea ateor tho lojoatiaa at IBM 

•aoiiii tato tho pHttetiMW. Pt MhateM. teaDtete %,■ »/« Mo. 


endothelial and eQiv^f«>tiiraa«d|^ ^ ot ^ 

and the large lympiniTtw of the h^ 

endowed with thie prt^r^, Pfeeia^ae do the 

•0 do theee phagoq^ ingest bacteria and assimilate t W ni;- An' 










NT^E^jyij 



uavtIiSU 




nnimal if to Metdmikoff, aft ktif ^il| 

|)hagoc}^ lK|^/|ipl|ip.ftlid dtttroy {Athi^ic OTpaaimi^)'^ 
proportion, oiii^^j^ogf'hand, aft the functioni of the pTiagocyta^ 
are impeded, ao ^ ^imal aoaoeptible to diaeaae. That living 
and dead bactevin are fniB diapoaed of aeema to have been aatift* 
factorily ahown, irhile pemotaxia fairly accounta for the affinity 
which phagocytea Bhowijfor certain germs in preference to others. 
Metchnikoff'a doctrine aa regards the power of certain leuco¬ 
cytes, migrathig and sxed, to act as phagocytes is sustained by 
experimental evidence^the process can easily be followed visually 
and the leucocTtea be teen to ingest micro-organisms, to which 
they are drawn by chemotadic influence. In 18G3 Haeckel wit¬ 
ness the ingestion of indigo by leucocytes; in 1863 Beckling- 
hausen observed that pus-cells were endowed with amoeboid 
motion, and, having injected cinnabar grains in the dorsal 
lymph-aac of frogs, saw that they were ingulfed by cells floating 
in the lymph. 

Cohnheim, as long ago as 1867, noted that the smaller vessels 
of the mesentery became dilated and saw leucocytes range them¬ 
selves along the vascular walls, plunge their pseudopodia through 
the mural stomata, and penetrate beyond them, thus migrating 
and becoming ‘^pus-cells.” These pus-cells, in the light of 
MetchnikofPs theory, are the remains of protective microphages 
which have succumbed after migrating through vascular walls to 
meet offensively the pathogenic organism. Dead material, 
pigment-granules, fragments of tissue, dust-particles, indigo, 
ivory (in the osseous medullary canal, according to Kolliker), in 
fact, almost any foreign substance capable of invading the living 
organic structure, seems to become their prey. An aseptic catgut 
ligature a fragment of bacilli-laden tissue, etc., soon becomes 
coated with an exudate filled with leucocytes which first ingulf 
the bacilli and then the disintegrated tissue. Let any inhibiting 
cause appear, however,—an excessively virulent germ, an abnor- 
, mally high temperature, for instance,—^their powers cease, and 
at race the bacilli multiply, causing death of the animal used 
for the experiment. The rapidity of multiplication of pathogenic 
oigraisms is an additional factor operating against successful 
phagocytic action. When such is the case the phagocytes are 
tiieniftelvea destroyed. 
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Successful phagocytes may be traced from their working 
field by staining the latter, as was done by Itosenberger; long 
lines of colored cells may then be seen to radiate in various 
directions from the stained area. The pathogenic germs, onct; 
ingulfed, usually cease to multiply, and, either through a toxic 
action or starvation, soon die and disappear. That organisms are 
ingested alive Metchnikoff has shown. Spermatozoa, for instance, 
ingested by macrophage were seen to continue their motile 
activity until the tail had also been taken up. Begun in 
with the digestive epithelium of Oedeanitis hilineatm, the cellular 
elements of which were shown to digest various extrinsic sub¬ 
stances, Metchnikoff’s labors developed in 1883 into his present 
doctrine of phagocytosis, which, notwithstanding much adverse 
criticism, has maintained its ground. 

The rapidity with which the protective process is carried on 
in cases of general infection is well illustrated by Cantocuzenc 
'n^mmctliatcly after injecting anthrax bacteria in a vein of a 
rabbit’s car,” says this author, *Hho organisms arc taken up by 
phagocytes. At the end of seven minutes in the liver, eight 
minutes in the lungs, and one hour in the spleen none of the 
germs aro free. Their destruction in the phagocytes is at first 
very rapid, but stum some of the latter arc overcome, and the 
bacteria, by multiplying within them, cause them to become 
centers of pulhilatiun. Still, the bneteria that escape from the 
dead phagocyte are seized hj- others; but, the number of the 
former becoming greater as the battle progresses, their protective 
ytowers arc corresjamdingly reduced, and the bacteria finally 
invade the entire blood-stream. In the liver . . . practi¬ 

cally all the bacteria arc destroyed and digested within a few 
minutes after the injection. This superiority of the hepatic 
]>hagocytcs in the fray lasts almost throughout the disease; but 
the activity of the phagocytes finally decreases; the bacteria 
multiply within them and become generalized. In the lungs 
there is rapid destruction of bacteria by polynuclear cells, then 
intracellular development of bacteria and generalization.” 

The phagocytes just referred to, the microphages^ are 
wandering or migrating cells—free to respond and travel more 
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or less promptly toward pathogenic bacteria, in virtue of the 
chemotactic attraction possessed by the latter. The process is 
graphically illustrated in the annexed coloml plate. 

What is the nature of the intraphagoeytic process? 

I have shown that the germicidal phagocytes, the neutro- 
philes, absorbed trypsin not only in the intestinal canal while 
ingulfing foodstuffs, but likewise in the portal vein, the ferment 
in the latter being, from my viewpoint, the splenopancreatic 
secretion. This intraphagoeytic trypsin is capable of digesting 
not only certain poisons: toxic albuminoids, toxins, vegetable 
poisons, venoms, and even drugs, as will be shown in the second 
volume, but also bacteria. In other words, all materials, poisons, 
germs, etc., find their doom in the digrativc vacuoles of the 
phagof^te. "Just as amoebm digest tlieir prey with the aid of 
amibodiastase, a soluble ferment belonging to the group of the 
trypsins," writes Metchnikoff, "white corpuscles submit the 
foreign bodies they inglobe to the action of cytascs. These 
cytases (the alexins or complements of other authors) arc the 
soluble fermraits which also belong to the category of trypsina."^^^ 
The two italicised*** words should be carefully noted, as they 
indicate that the antibody Khrlich has termed "complement” is 
Metchnikoff’s "trypsin.” As shown in the second volume, this 
is confirmed from various directions. 

As to the rdle of this cytasc or trypsin-like body, it is also 
clearly defined in another sentence by Metchnikoff: "In blood 
removed from the body the white cells allow plasmane, which 
causes coagulation of fibrin and the formation of the clot, to pass 
into the liquid. But at the same time these abandon a portion 
of their cytase, which communicates to the serum its hmmolytic 
and bactericidal qualities.” Briefly, when bacteria arc ingested 
by phagocytes or phagocytic cells of any kind (for these include 
the finely granular oxyphiles and the hyaline and giant cells, all 
wandering cells) they are actually digested in their vacuoles by 
the trypsin-like cytase precisely as they would be in the alimen¬ 
tary canal (ff highly organized aniihals. 

It becomes a question now as to how the phagocytes become 
sn|q>lied with this trypsin, and how their protective activity to 
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tlic system at lar}^ is awakened. Oonsideml from my view* 
point, i.$., with the structure and functions of leucocytes, as 
described in the foregoing sections, those cells which are phago* 
cytic are influenced in the following manner, when pathogenic 
bacteria, their toxins, toxic albuminoids, etc., provoke an auto- 
protective reaction in the body:— 

Stimulation of the adrenothyroid center by the toxic in¬ 
creases the production of adrenoxidase and thyroiodasc, which in 
turn enhance correspondingly o.xidation and, thereby, the func¬ 
tional activity of all tissues. Among these tissues are (1) those 
which produce phagocytes (lymphatic structures mainly), thus 
causing leucocytosis, and also (2) the spleen and pancreas, 
which jointly (from my viewpoint) produce Metchnikofl’s 
trypsin-like cytase (Ehrlich’s complement). This substance, 
being secreted (as an internal secretion, see p. .167) into the 
splenic and portal veins, is taken up therein by the newly 
created phagocytes and stored in their perinuclear vacuole,—their 
stomach, so to say. The cells, after traversing the liver, pene¬ 
trate into the general circulation and carry on therein their 
function of scavengers, i.e., that of ingesting and digesting the 
patliogenic substance or the bacteria whose toxin had excited 
the adrenothyroid center—the sentinel whose mission was to 
start the defensive reaction. 

How Bttcterins {Yaccineg) Act and how Opaonm Enhance 
Phagoctftosis.—Wa have seen that in 1907 1 advanced the view 
that the thyroparathyroid secretion corresponded in ite chemical, 
physiological, and clinical properties with Wright’s opsonins, and 
that the labors of Marb4, Malvoz, and Stepanoif have sustained 
me. 1 have also submitted evidence to the effect that it was by 
increasing the sensitiveness of the phosphorus of all cells, and 
particularly their nuclei, to the o-vidizing action of the adrenoxi- 
dase that functional activity was enhancetl. We have now seen 
that leucocytes, including the phagocytes, are supplied, like 
other cells, with a nucleus rich in phosphorus. W’hen, there¬ 
fore, on excess of thyroparathyroid secretion, i.e., opsonin, ap¬ 
pears in the blood, through the above-described mechanism, and 
throuf^ the red corpuscles, the phagocytes become unusually 
active and aggressive. 

Simultaneously, the pathogenic organisms themselves 
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undergo a process which rcndors them vulnorablo to tlie [ihago* 
cytic host. The thyrotiarathyroid sccrctiou, we have seen, 
powerfully excites inetabolisin, but particularly the catabolic 
phase of the process; hence its potent action in the mluction of 
obesity; it influences bacteria precisely as it docs adipose tissue, 
and with especial activity those that arc ricti in pliosphorus, the 
tubercle bacillus, for example. It rtmdcrs the germ more 
vulnerable to digestion by the trypsin of the phagocyte. This 
effect on them modifles the surface of the germs, softens it and 
causes them to adhere together, i.e,. to agglntiiiate. 

This suggests that opsonin and agtjluHnin arc one and the 
same thing. That such is the case is shown by many experi¬ 
mental facts. We have seen that the thyroparatliyroid secretion, 
which is the opsonin, and the odrcnoxidasi* are i>ontaincd in the 
red corpuscles; Nolf*®® noted that the addition of rod corpuscles 
to serum gave it agglutinating properties. Indeed, Arthur 
Klein*®* found that agglutinin could be dissolved out of the red 
corpuscles by means of salt stdution or distilled water. It will be 
recalled that I traced the thyroparatliyroid secretion, i.f., the 
opsonin, to tlie lungs; Ruffer and l.'rendiropoulo,‘*® in a study 
of agglutinins, remark: “Strangely enough the lungs of im¬ 
munized guinea-pigs were the only organs which in the majority 
of cases possessed agglutinating properties greater than the 
serum.*’ As is well known, Bordet’s “scnsibilisatrice” is derived 
from the red corpuscles; now, Savtchenko'®* has pointed out that 
this substance was endowed with specific opsonic properties, 
acting both on bacteria and on leucocytes, as 1 explained 
above. Finally, aggl utination is evidently a feature of opsonins. 
Bulloch and Atkins,*®* for example, were led experimentally to 
conclude that opsonins were “simple substances resembling 
agglutinins.” 

This involves the necessity on the part of the opsonin of 
leaving the red corpuscle to influence morbidly the bacteria. 
Nolf*®® showed that this was due to an action of the complement 
(the phagocytic tiypsic cytase) on the red corpuscles which 
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caused "the contenta of the latter to leave them/* and that "ttie 
injection of the corpnacnlar contents incited hsemolysis.** In 
other words, the trypsin of the phagocytes being secreted into 
the blood, it (muses the red corpuscles to secrete their opsonin 
(with the adrenoxidase—amboceptor), and digestion entailing 
destruction of the germ can thus occur in the plasma and prove 
BO active, in fact, when there is hyperpyrexia, for example, as to 
destroy the blood-cells besides, i.e., produce hemolysia 

The bacteria being softened by the opsonin and rendered 
more inert, while simultaneously the phagocytes, their enemies, 
are rendered more active and aggressive, the former are attacked 
and ingested and they are submitted to digestion in the phago¬ 
cytic vacuole and destroyed. 

On the whole, as viewed from my standpoint, the iunctions 
of the leucocytes in general immunity, including MetchnikofTs 
conception of phagocytosis, may be summarised as follows:— 

1. When bacteria appear t» the blood, their toxins—or 
bacterins or vaccines injected into the tissues which ultimately 
reach the blood—awaken a defensive reaction in the body at 
large by exciting the thyro-adrenal center, oxidation and metab¬ 
olism being increased in all tissues, the production of phagocytes 
is activated and their aggressiveness is intensified. 

2. The thyroparaihyroid secretion {opsonin and agglutinin) 
and the adrenoxidase {amboceptor) stored in the red corpuscles 
are then secreted by these cells under the influence of the phaga> 
cytes {Nolf), to sensitize and soften the bacteria. 

S. The bacteria are then ingested by the phagocytes and 
digested by their cytase {complement), a trypsin-like ferment, 
and this process continues as long as there are bacteria to pro¬ 
duce toxins capable of exciting the adrenothyroid center. 

This completes the process as far as the phagocytes are 
concerned. As their functions are to co-operate with the plas¬ 
matic defensive process described under the preceding heading, 
the nature of this co-operation should also be ascertained. This 
is described in what I believe to be:— 

A SIMFLIFIBD THEOBT OV IMHUNri'y. 

There eecuxs, at first, what might be termed tiie *^wqMura- 
tory** stage, the purpose of which is to increase the defensive 
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coustitaents of the blood and other body fluids. On the whole, 
it Beema peimuaible to conclude that:— 

The tome {certain ioxintj Koates, drugs, vaccines, etc.) 
excites fhe immunizing center. This center, in turn, stimulates 
the tkgroparathyroid glands and adrenals, thus caxaing them to 
supply the blood {and to a certain extent the lymph and serous 
fluids) with an excess of tiiyroiodase and AnnKNoxioASE. 
Metabolism being enhanced in all tissues bg these substancee, the 
pancreas oho secretes an excess of trypsic fkrmrnt, whUe the 
leucocytogenic tissues {bone-marrow, lymph-glands, etc.) pro¬ 
duce an increased number of leucocytes, mainly finely oranu* 
LAB OXYPHILE8 and PHAaOCYTES. 

The blood and other body fluids being now provided with all 
its defensive agents, the following process is started:— 

The thyroiodase {opsonin, agglutinin) sensitizes and softens 
the pathogenic agent, while the adrenoxidase {amboceptor) 
oxidizes the phosphorus of the nucleo-proteid granulations, 
liberating heat*; the activity of the trypsie ferments {plasmatic 
and phagocytic complement) being corr^pondingly increased 
the pathogenic agent is converted into benign and eliminable 
produces. 

The whole process imposes protective properties upon each 
ductless gland involved, i.e., the thyroparathyroid apparatus, tlie 
adrenals and the pituitary. As to the two first namc<l their power 
to antagonise intoxication is now generally recognized. As to 
the pituitary body, its rdle in this connection has only, so far, 
been studied by myself. Suggestive, however, are the remarks of 
J. A. Flexner,^®* in reference to the after effects of removal of 
the pituitary for tumor of this organ. "1 wish to call attention,” 
writes this observer, “to the extreme susceptibility of these 
patients to morphine and to autointoxication, especially of purin 
origin.” Then, referring to a personal fatal case, lie states that 
“one twenty<fourth of a grain kept her narcotized for over a 
day,” and he rightly concludes that “this sudden and unexpected 
Old was due to stopping of her glandular feedings and to the 
severe autointoxication which resulted from her carelow dietary.” 
The rdle I have ascribed to the pituitary body alone explains this 
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CHAPTEE XII. 


THE INTERNAL SECRETIONS AND 
ORGANOTHERAPY. 

THE FUNDAMENTAL PRINCIPLE OF THE ACTJ^ON OF. 

ORGANIC PREPARATIONS. 

Ahebican textbooks afford no clue as to tlie manner in 
which the thyroid gland carries on its functions. Some writers 
hold that the thyroid and parathyroids, by means of an internal 
secretion, “exercise an important control over the processes of 
nutrition of the body”; others contend that the purpose of these 
organs “is to neutralize or destroy toxic substances formed in the 
metabolism of the rest of the body.” Others again assert that it 
increases metabolic activity, especially catabolism. 1 have sub- 
inittcil ample evidence to the effect that the thyroid influences 
all these functions; but how does it do so? This is the feature 
that I have supplied in the present work. If the reader will 
take into account the fact that the above divers functions, attrib¬ 
uted by different groups of investigators to the thyroid, arc all 
explained by the one role 1 have attributed to this organ—^that 
of sensitizing the organic phosphorus of all tissues—^he will 
surely concede that my position must be a strong one. And this 
may be said to apply to the other organs analyzed in this work. 
The analyses I have submitted have not been destructive; they 
have proven constructive; they have shown that different sets 
of experiments and clinical observations which apparently 
divided several groups of investigator upon each question into 
as many antagonistic camps were all, when interpreted from 
my viewpoint, conciliated and harmonized into a consistent 
whole. 

In their application to organotherapy, my'views are sub¬ 
mitted to a still greater test: they are shown to explain all the 
therapeutic effects of preparations of the organs studied in the 
present work, namely, the tlijToid, parathyroids, adrenals, pitui- 
fery, pancreas, spleen, and thymus. Certain organs, such as the 
kidneys, ovaries, and testicles, whose internal secretions have 
(700) 
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licen specifically studied, may now be included in the list, for 
there is good ground for the pro])osition, at least, titat their 
organic products should not be regarded as special secret ions, but 
as the product of a single kind of secretory cells that arc common 
to many organs, tlic adrenal cells. 

If our object to place pharmacology on a scientific fopting 
is ever to be realized, we should insist, whenever an agent is to 
be tried therapeutically, upon a preliminary determination of its 
identity as a chemical body. Thus only will it be possible 
for us to establish its physiological action on a solid basis. In 
drug therapy, tliis important feature has been carried out to a 
considerable extent, and wdiat we know of the physiological 
action of most agents derived from plant life has been acquired 
since their active principles have been isolated and made the 
basis of experimental and clinical study. Just as opium contains 
various principles—morphine, apomorphine, codeine, etc.—so do 
animal extracts contain a multiplicity of substances, cellular and 
plasmatic, and also protlucts of cellular metaiKdism capable of 
provoking physiological effivts; but hi-re very little effort has 
been made to isolate the truly useful ]>rincip!cs. lienee the 
confusion and empiricism which has always siirroundiHl the use 
of these agents. 

All this applies to organotherapy aa it dix's to pharmacal 
agents. It is unquestionably true that we have among the 
twenty and odd animal extracts that have been jiroposed a few, 
at least, which arc capaldc of affording relief where no other 
class of agent will a<;t—^thyroid preparations in myxonlcma and 
cretinism, and adrenal extractives in Addison’s disease and 
hsmorrhage, for example. The adoption of a systematic line 
of study in the direction proposed seems to me to facilitate 
the discovery of additional useful apjilications of these agents, 
or, at least, to give their use in practice a more rational basis. 

Important in this connection is the identification of the 
tme organotherapeutic preparations. By the “true” agents I 
mean those which can be used intelligently, that is, with knowl> 
edge of the physiological effects produced, because their active 
principles are known. Thyroid extract ladongs to this <‘lass, 
since we know tliat its action is due to the iodine in orj^nie 
combination its secretion i-<»ntains; adrenal preparations like- 
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wise are included because their active principles, whether epi- 
nephriu, suprarenalin or adrenalin, are also known. Conversely, 
we have a large number of organic preparations that are used 
blindly, without knowledge of their components, which may 
number from five to twenty or more, in almost any disease 
related directly or remotely with the organ from which the 
extract is obtained. Mamniary extract can be cited as an 
example of these agents. Th^ are hardly entitled to a rank 
much above that of empirical nostrums until rendered fit, by 
their sponsors, throng chemical, pharmacological, and clinic^ 
researches, to be taken up by the profession as legitimate 
pharmaceutical agents. 

That so desirable a task is not impossible of accomplishment 
may readily be shown. We shall take as examples those which, 
besides the thyroid, parathyroid, and adrenal products, whose 
active agents are familiar to every one, the four which have 
stood out most prominently in the history of opotherapy: the 
testicular, ovarian, renal, and pituitary extracts. 

Spermin, as is well known, is the purest of t^ticular 
preparations. Before I had given any attention whatever to 
these agents, I had submitted evidence^ which showed that the 
adrenal secretion was carried to the pulmonary air-cells, to take 
up the oxygen of the air therein, and become the albuminous 
(previously unidentified) constituent of the hsemoglobin, which, 
through the> intermediary of the red corpuscles, supplies oxygen 
to all the tissues. The evidence showed that it was an oxidizing 
body acting catalytically; that it resisted all temperatures up 
to, and even, boiling; that it was insoluble in ether and prac¬ 
tically insoluble in absolute alcohol, and gave the guauu^ 
Florence, and other Immin tests. Now, spermin not only raises 
the blood-pressure, slows the heart, and produces all other 
pliysiolc^ical effects peculiar to the adrenal principles, but its 
solubilities are the same; it gives the same te^; it rewts boil¬ 
ing.. Moreover, it is regarded in Europe as a powerful *^>xidu- 
ing tonic” and has been found equally useful in disorden in 
which adrenal preparations had given good results. The 
inference that spermin consists mainly of the adrenal product 

.. “iBtWDsl SwrtUoM md the Friaolplw tt Mediotatb” I, MSI: 

14 1197, 



TI» ACTION OF ORGANIC PRBPARAT10N8. 708 

suggeato that it alioutd uot be legunlud an nitevilic to tlie teatea, 
but, instead, a oonstitueut of the blood at large; not only did 
this prove to be the case, but it was found in tho blood of 
females as well as in ^t of males, aa wo have seen. 

As I have also shown in a previous cliapter, the dependence 
of ovarian preparations, including corpus Intcum, upon the wl- 
renal principle for their activity is no leas evident. Ovarian 
extract has been found to contain “an oxidizing ferment com¬ 
parable to spermin.*^* Just as castration causes a decline of 
the temperature, so does removal of the ovaries; while both 
spermin and ovarin nmtore tlie temperatura to normal. This 
corresponds with tlie influence on general oxidation I ascribe 
to the adrenal secretion. As is the case with the latter, ovarian 
preparations enhance metabolism and the excretion of phos¬ 
phoric acid. -Again, tlie resemblance of the eifeets of ovarian 
preparations to those of adrenal gland is striking. “Fresh 
ovarian extract,” writes Wilcox,* “is said, when injected in rab¬ 
bits, to raise the blood-pressure, dmiinish the heart's action, 
and slow the respiration; and when administered to the human 
female, also to increase the arterial tension. In the castrated 
animal it is found to increase oxidation to something almve tlic 
normal degree.” Sauve** states that it increases oxidation and 
the proportion of htemoglobin in the blood. 

Besides this mutual relationship between the testicular, 
ovarian and adrenal products, two suggestive facts assert them¬ 
selves: Not only have Schafer and others found that a close 
analogy exists between the interstitial cells of the testicles and 
ovaries and the cells of the adrenals, but all three sets of organs 
are derived from the Wolffian body. 

The kidneys have been credited with an internal secretion, 
but no experimental work so far recorded justifies such a con- 
dusion. There is, however (see page 467), testimony to the 
effect that, as in the organs just referred to, the adrenal prin- 
dple is the main active agent. Batty Rhaw,* remarking, that 
the, favorable effects obtained from renal extracts arc similar 
to those that *‘lmve been reported as a result of treatment by 
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means of spermin and testicular extnKt,” suggests that "pos¬ 
sibly nephrin and other renal preparations provide a means of 
stimulating oxidation in general, the kidney merely sharing in 
this oxidation.” The concordance of this opinion with my own 
view (1903), that the adrenal secretion is the constituent of 
the hemoglobin molecule which carries on oxidation, is self- 
evident. The influence of renal extracts on oxidation is further 
shown by the observations of Brown-S4quard, Teissier, and 
Frftnkel,” that they increased the output of urea, phosphate, and 
uric acid, and by those of Brown-S^quard, Dromain, and de 
Pradcl Bra,* Mois,^ Bitzou,* Dubois,* and others, which showed 
that they possessed marked antitoxic power. Tliis also harmo¬ 
nizes with my views, since I have shown, with ample evidence to 
sustain this assertion, that the adrenal secretion is a basal factor 
in all immunizing processes—as its role in oxidation would 
normally suggest. Even the morbid effects of exaggerated anti¬ 
toxic activity which I ascribed to excessive doses are exemplified 
by an observation of LayralV* in which renal extract caused 
death from pernicious amemia, i.e., from haemolysis. 

Pituitary extracts, we have seen, are active according to 
. which of the two lobes of the pituitary is used to prepare them. 
Howell, Silvestri, Thaon, and others have found that extracts 
of the anterior lobe were practically inert, while those of the 
posterior proved quite active. Howell'* states in this connection 
that they "cause a marked rise of blood-pressure and slowing of 
the heart-beat,” remarking, moreover, that “these effects resemble 
in general those obtained from adrenal extracts, but differ in 
some details.” When we take into account the wealth of this 
organ in nervous elements, deviations in minor effects are 
readily accounted for. 

As previously stated, the adrenal principle is not destroyed 
by boiling. This was also observed to be the case with extracts 
of the pitaitary lobe, by Schifer and Herring.** These physiolo¬ 
gists also noted that they produced dilatation of the renal 
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veMelSy but this is a nonual result of the vasocoostriction pro* 
duced by them in the body at large, owing to tlie action of the 
adrenal principle upon the vascular muscles. The renal capil* 
laries, in keeping with all others, being deprived of muscular 
element^ they are passively dilated by the blood compressed out, 
as it were, of the larger vessels and the kidneys arc dilated. 

Herring,** and more recently McCord,'** noted that pitui¬ 
tary extract caused constriction of the jieripheral arterioles. 
This is typical, as is well known, of the action of all adrenal 
products. As shown by the experiments of (larnicr and Thaon,'* 
Conti and Curti,** and others, the pressor prccwle the depressor 
effects. This applies as well to the inhibitory effects on the 
pancreas recently recordetl by Pemlierton and Sweet.** The 
mydriatic action of epinephrin, discovered by klcltzer, has als<i 
been found by Cramer to apply to pituitary extroi't. Finally, 
the clinical effects reconle<l, especially those on the cardiac 
disorders by Cyon, B^non and Dclille,** clearly indicate that 
they are due to the adrenal principle pituitary extracts contain. 
Bo^ are extolled as oxytocics, being deemed far superior to ergot 
by some. Both also have been found very cITwtive in intestinal 
paresis. The resemblance of their action to that of adrenal 
extracts, noted by Schafer, is explained, tberefore; it is to the 
adrenal principle in the pituitary that extracts of this organ 
owe their activity. Finally, ns shown by \Vics<“l,'* the pituitary 
body is the seat of a large group of chromaffin cells, i.a., adrenal 
cells. Watanabe and Crawford”'* then found that pituitary 
extracts contained **an cpitiephriu-like c‘Oiii|M»und. 

All tlie facts seem to me to justify the inclusion of 
testicular, ovarian, renal, and pituitary extracts in the adrenal 
group of -organic extracts. 

1 would luid that the presence of the adrenal principle 
throughout the organism is no longer to be doubted. Besides its 
now-familiar effects on the blood-pressure by a direct action on 
the blood-vessels, which necessitate its distribution broadcast. 
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Wtt have the fact that Molon found it in the red corpnades. 
Even the placental blood eontaina it. As a conaemtive phanna- 
cologist, Dixon/* wiot^ while describing investigations by F. 
Taylor and himself: **We have shown that the human pla¬ 
centa ccmtains a considerable amount of a substance which is 
. . . unaffected by boiling. This body has the property of 

powerfully constricting blood-vessels, of contracting the uterine 
muscle, of raising the blood-pressure. . . . So far as we 

have been able to determine, this body has all the properties of 
adrenalin.” Indeed, "adrenalinemia” is now in commcm use. 

The adrenal principle being common to the entire organism, 
it would seem as if all organic extracts should owe their thera¬ 
peutic activity to this constituent. But many facts go to show 
that the proportion of adrenal principle in certain organs— 
those forming part of the chromaffin system, for example—^is 
. far greater than in others, and moreover that they contain 
cellular elements that are not only similar to the secreting ele¬ 
ments of the adrenals, but which are capable of adding to that 
received from the latter through the blood. This accounts for 
the fact that ronoval of the testicles or ovaries lowers the activity 
of the oxidation processes, though without destroying life itself, 
as is the case when the adrenals are removed. The obesity 
which follows removal of the testicles or the ovaries illustrates 
an effect of this suboxidation. 

This does not mean, however, that all organic preparations 
owe what therapeutic efficiency they have shown mainly to the 
adrenal principle they contain. The majority of them probably 
do not. The recent introduction of an oily extract of brain 
matter seems to have placed the use of this agent on a firmer 
basis. The phosphorus-laden nucleins derived from brain sub¬ 
stance would probably account for what therapeutic value it 
seems to show. Again, thymus extract has some claim to 
recognition in disorders which other remedies do not seem to 
affect. Here again, we have a tissue rich in nudein, and there-, 
fore in phosphorus. May we not have in these and other- 
organic preparations a means of introducing into the body 
phosphorus ro bound up in organic combinatiem that it can 
be far more readily taken up by our tissues than any prepan- 
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lion that our- laboratories can produce? We must not lose sight 
(if the fact that organothenpy afford^ precisely in this direction, 
|i08sibilities that nothing else in the realm of therapeutiis can 
iitfer—a statement which applies also to the opportunity they 
furnish of introducing immunizing bodies directly into the blood 
—or of compensating for organs whose functions have become 
inadequate through local disease. But these advantages will 
only become available when the prevailing empirical use of 
animal extracts will have be^^ rendered impossible through 
proper identification of those of their constituents which bring 
about beneficial effects, the natural precursor to a clear con¬ 
ception of their mode of action. 

Another important feature is the distinction of true duct* 
less glands, whose mission is to elaborate a secretion of physio¬ 
logical use to the body at large, from organs which have l^pen 
credited with such functions on insufficient grounds. Perhaps 
the habit of requiring considerable evidence from many sources 
and directions before reaching a conclusion—contrary to tbs 
prevailing tendency among experimenters to base a sweeping 
conclusion upon very few facta—has rendered me too exacting, 
but I must confess that so far I have not been able to recognize 
true internal secretions in more than three sets of organs, the 
thyroid, including its glandules, the parathyroids, the adrenals, 
and the pancreas. In these organs alone has the secretion been 
identified at the seat of its formation, traced to the blood¬ 
stream, and, through the blood, to all tissues. This might be 
said to apply to the liver, owing to its glycogenic function and 
to the broadcast distribution of gl^coj^n; but in accord with 
Claude Bernard’s original .view, phytiologista very properly con¬ 
sider the formation of glycogen as *‘a temporary reserve supply 
of carbohydrate material that is laid up in the liver during 
digestion and is gradually made use of in the intervals between 
meals.”” Glycogen, therefore, is not a true internal secretion. 

Many other organs have been regarded as sources of internal 
secretions. A close analysis of. the question, however, suggests 
that while the evidence in favor of this view is very meager, 
many facts tend to disprove it. Investigators who have con¬ 
tended fliat these and other structures are ductless glands have, 

■HowanP ‘^tnaook 9t ThrMogr." p. W. MW- 
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almost without exception, based their contention on the pica 
that extracts of these structures produce physiological effecu 
This accounts for the fact that pradically every tissue, including 
musclM, nerves, lymphatih glands, and even ciliary body, nasal 
mucous membrane, the placenta, has been thought to produce 
an internal secretion. The weakness of such a plea is self- 
evident. Almost any organic substance will in some way or 
other affect the blood-pressure, and when we consider that all 
tissues contain more or less nuclein, intermediate, and therefore 
toxic, waste products, red and white corpuscles, and many other 
substances capable each in its own way of evoking some sort of 
reaction when injected into animals, the actual value of such 
experiments is reduced to nil. It is about as scientific as the 
giving of hashed ear for earache. 

Finally, and quite in keeping with the above remarks, is 
that those of tlie organic products which are to any degree toxic 
may, through the adreual system, evoke an auto-protective 
reaction the symptoms of which seem to the investigator the 
expression of a physiological function which be credits to the 
extract used, supposedly an ‘‘internal secretion.” On the other 
hand, beneficial effects are sometimes obtained through the fact 
that certain tissues combine the properties of two or more in¬ 
ternal secretions, the posterior pituitary lobe, for instance, which 
' is rich not only in chromaffin or adren^ substance, as stated, but 
also in nucleins, owing to its w«dth in nervous elements. 

Some of these physiological effects will be brought out 
under the remaining headings of this chapter. 

THYROID ORGANOTHERAPY. 

When, in the light of the data submitted in the third chapter, 
we administered thyroid gland, which combines the actions of the 
thyroid and parathyroids, the following effects are produced: 
It renders the phosphorus of all tissue^ and all free substances, 
such as bacteria, w&stes, toxins, etc., containing phosphorus, more 
inflammable or sensitive to the action of the oxygen in the 
blood. As this applies particularly to nerves and nerve-centers 
(all of which are especially rich in phosphorus) the adrenal 
center and therefore the adrenals themselves are excited, and, the 
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adrenal aecretioii being the agent which lakes up the oxygen of 
the air to anatain the blood’s oxygenizing power, tlie supply of 
oxygen is also increased. All the various phosphorus-laden sub¬ 
stances are thus not only rendered more readily oxidizable by 
thyroid extract, but this remedy also provides imiirectly the 
required oxygen. This is not all, however. As the functions of 
all 01:^8 are enhanced by tliia process, tlie jmnercas and the 
leucocytogenic organs are also stimulated, and trypsin and 
phagocytes, which are the active destroyers of pathogenic organ¬ 
isms, toxins, and other poisons, are also incroaswl. Briefly, 
under the influence of thyroid preparations, we have in the 
blood—and demonstrable therein—all the active agents con¬ 
cerned with metabolism, nutrition, and immunity: an increase 
(1) of adrenal oxidizing substnnec, or adrenoxidasc (the nlhu- 
minouB constituent of luemoglobin; Khrlich’s amboceptor); (S) 
of thyroid sensitizing substance (Wright’s opsonin); (3) of 
trypsin (Ehrlich’s complement and MctchnikoiT’s cytasc) and 
(4) bacteriolytic leucocytes (MetchnikoflTs phagocytes). 

When, therefore, thyroid preparations are given in small 
doses, we may expect tlie following phenomena, especially when 
the remedy is given in cases of hypothyroidia:— 

A rise of temperature due to the increased oxidation brought 
about by the thyroid and adrenal oxidizing substances acting 
jointly; enhanced metabolism a normal result of the augmenta¬ 
tion of general oxidation, w'ith increased appetite due to the 
resulting greater demand for fooilstnlTs. A marked improvement 
in general nutritwn and strength is a self-evident result of the 
assimilation of a greater proportion of food-materials, and the 
rapid growth likewise where, as in cretinism, it is stunted. The 
cerebrospinal system is particularly influenced owing to its 
wealth in phosphorus; there is, in suitable cases, development of 
inUiligence. All organs being the seat of increased metabolic 
activity and nutrition, the inteitinal, renal, cardiac, and cuta¬ 
neous and hepatic functions are all enhanced. Even the hair 
grows bountifully not only in cretinism, but when its loss is due 
to impaired nutrition of thyroid origin. It counteracts prema¬ 
ture senility in all its phases by restoring to the organism the 
main constituent which sustains, with the oo-opemticm of the 
adrenoxidase, the functional effictency of all its parts. 
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In large doera, on tlie oilier band, thyroid preparations pro¬ 
duce quite the opposite effects. By imposing hyperoxidatioa 
upon all cdls, these are cataholized or broken down before thi v 

be adequately built up, i.e., anabolized, and, instead of in¬ 
creased nutrition, we behold gradual emaciation b^inning witli 
the adipose tissues. Hence the use of thyroid gland in obesih. 

Small doses are, therefore, indicated in all cases to begin 
with, Vis grain (0.005 Qm.) sufScing in mild cases, and in 
marked ones, 1 grain (0.066 Qm.) of the desiccated thyroiil 
(U. S. F.) in adults, for example, and ^ grain (0.033 Qm.) 
in children over 2 years old. Qradually, the dose may then bi: 
increased, remembering that 3 grains (0.2 Gm.) three tinicfi 
daily should not be exceeded. Each grain of the desiccatc«l 
gland contains 5 grains (0.33 Gm.) of the gland in its frexli 
state. Kendall’s thyroxin,^ is not as yet available on the market. 

When thyroid preparations are judiciously used, that is to 
say, when their action is controlled by giving only carefully 
adjusted doses, aided by the concomitant use, if need^, of otlicr 
agents—^iron, for example—^to supply the hsematin necessary to 
build up the hasmoglcbin molec^e; when also with thyroid 
we wish to Increase the albuminous moiety of that molecule, 
strychnine when the blood-pressure is too low to insure adequate 
tissue nutrition, etc., results are obtained which soon convince 
the clinician that they constitute a very valuable addition to our 
armamentarium. Especially does this obtain:— 

1 . In diseases due to slowed destruction of toxic wastes, as 
shown by its action in tetany, epilepsy, eclampsia, disorders of 
menopause asthma, chronic rheumatism, migraine, and also by 
those due to slow oxidation of fats, as in (d)e6ity. 

2 . In diseases due to lowered general nutrition of all tissues, 
including tlie bones, as shown by its action in hypothyroidia, 
cretinism, myxoedema, and kindred disorders in which calcium 
metabolism obtains—osteomalacia, rickets, and osteomyelitis. 

3. In disorders due to lowered nutrition of the muscular 
elements, including the skeletal and vaacular muscles, as shown 
by its action in general adynamia, neurasthenia,, and myasthenia. 

4. In all cases in whicdi the processes of repair or absorption 
are deficient, as shown by its action in delayed union of frac- 
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.iirM, certain benign and malignant ncoplaania, and ayphilitic 
iirijiue and bone necroaia. 

5. In infectiouB diaeaaea—owing to the incrcaae of auto- 
antitoxin, tbyroiodaae (opaonin), and phagocytoa—oa ahown by 
it A action in the early atagca of tuberculoaia, typhoid fever, infec- 
t loua timaillitia, and certain exanthemata. 

The majority of the diaordera enumerated above, apart from 
ilioae already reviewed, will be found treated at length in the 
second volume. In the following pagea, however, I will include 
only thoae conditiona whieh in addition to thoac a^udied in the 
third, fourth, and fifth chaptera of the preaent volume, and in 
the aecond volume, are of apecial practical importance aa a field 
for thyroid organotherapy. 

Insanity. —^\Vhat data we poaaeaa on the relations between 
mental diaordera and the thyroid apparatus indicate that both 
hypothyroidia and hyperthyroidia are equally fruitful in the 
^'encsia of many psychoaes. Could wc clearly catabliah a line of 
demarkation between these two atatea, however, tlicir study 
would preaent no difficulty; but such is not the case in the 
light of prevailing views. Thus the classic symptoms of myxcc- 
dema may be' accompanied, eapccially iii the advanced stage, by 
mental disorders which are not in keeping with the asthenie 
phenomena that belong to hypothyroidia. The report of the 
Committee of the Clinical Society of T/mdon showed, for 
instance, that, while a certain proportion of cases of myxeedema 
suffered from melancholia, the one mental disorder wc ahoiild 
expect to find in such a depressive state of the thyroid apparatus, 
the majority suffered from dementia, acute and chronic mania, 
deluaiona, and hallucinations, all of which denote some degree of 
functional erethism. 

Nor do we obtain aid through tlie morbid histology of the 
thyroid in insane cases. As stated by Itamadier and Marchand,'* 
after an examination of 278 thyroid glands of patients who hail 
died in four diffeiwnt asylnma, it is impossible to establish any 
constant relation between the thyroid changes and the form of 
mental disease from which the patient suffered. 

Yet, there is much to lie discemotl and there are many 
therapeutic hints to he garnered when these cases are interpreted 
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from the standpoint of the views defended in the present work. 
Thus, taking the influence of the thyrqparathjrroid mechanifiiii 
upon oxidation and metabolism as factors of the problem, wi- 
have in hypotbyroidia such mental'statra as melancholia, hypo¬ 
chondria, and apathetic delusional insanity, with perhaps idcu< 
of suspicion. What mental disorders are witnessed in the mon* 
Advanced stage of myxoedema are also commonly cltaracterizcd 
as melancholia. So marked is the depressive state in these cases, 
in fact, that the late Lloyd Andreizen* was led to assert tliut 
various insanities having a constant and distinct physiognomy 
grew in the soil of acromegaly and myxoedema. "In the one 
case (myxoedema),'' he wrote, ‘'a morbid process starting from 
the thyroid gland affected the whole capacity of the blood in 
regard to its power of taking up oxygen from the air. On 
examining the blood with the mercurial pump, it was found 
that its oxygen and carbonic acid were much diminished, and, 

' by placing the individual in the apparatus for examining the 
gases of respiration, it was found out that he took in but little 
oxygen and correspondingly gave out but little carbonic acid 
during life." That this sustains my own view that the thyroid, 
partly through its influence on the adrenals, influences tissue 
respiration is obvious. But this, in itself, sustains Andreizen 
in his conclusion that certain mental disorders grow in the soil 
of myxonlema. In other words, we should look upon hypo- 
thyroidia as one of the causes of depressive mental states. 

This, however, fails to account for the opposite phenomena, 
i.e., those we associate with erethism, mania, dementia, and the 
various manifestations in which irritability and excitement are 
prominent. But these signs are also explained by my concep¬ 
tion of the functions of the thyroparathyroid apparatus, t.e., that 
it acts as opsonin to insure the destruction of toxic wastes. 
Oxidation and metabolism, particularly its catabolic phase, we 
have seen, being imjiaircd by the existing hypothyroidia, we have 
an accumulation of toxic wastes in the blood, and it is to the 
morbid influence of these poisons on the brain that all manifesta¬ 
tions, in myxoedema, such as mental excitement, persistent hallu¬ 
cinations or delusions, and mania, must 1)e attributed. Here, 
again, Andreizen struck the keynote of the problem, in my opin- 
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ion, when. In hu study of the relations of autotoxin in its bearing 
upon insanity, to whidi the previous quotation belongs, he re¬ 
ferred to the pmence with weakness, dullness, and subnormal 
temperature "of a tendency to tite accumulation of incompletely 
oxidized bodies (fat, etc.)^* in the tissues. Correct also, from my 
viewpoint, were the estimates of Bruce,* who, in reporting the 
results of thyroid treatment in 60 cases, aitributetl the improve¬ 
ment noted to the production, by the remedy, of a febrile state— 
iluite in keeping with my own view (see page 6*^8) that the 
thyroid and the adrmials are active in the genesis of fever. 

Such being the case, we can conceive how myx(cdcina and 
hypothyroidia can become the soil not only for depressive mental 
disorders, but also for those in which excitement and cellular 
erethism prevail. It follows also* that hypothyroidia should be 
considered as a prominent factor in the genesis of insanity. 
Having in myxoedema undeniable proof of the influence of the 
thyroid apparatus on the mental equilibrium and a rational ex¬ 
planation of the pathogenic process, the pliysiology of these, 
2 )aTticulorly the important rdle in immunity, should no longer be 
neglected by psychiatrists. Laignel-lAvastine* closed an able 
study of this subject by the statement that “the existence of 
glandular disorders in psychical syndromes has not as yet, in my 
opinion, attracted sufficient attention. Nevertheless the existence 
of such disorders in certain cases is undeniable.” FrankI Hoch- 
wart** also lays stress upon this connection. 

Becently, L. Vernon Briggs* wrote more pointedly, emphasiz¬ 
ing both the rdle of autointoxication and the neglect of this 
important factor in mental disease: “In many large public and 
private institutions those in charge receive early cases of mental 
disturbance, and watch the toxemia verge into mania, catatonia, 
and dementia; they notice the acetone breath and are aware of 
the true condition; but little if anything is done to stay the 
prcf^ress of the diseMe, and to save these individuals.” 

As to treatment of this class of psychoses, there is good 
ground for the belief that, intelligently employ®! in suitable 
cases, considerable help can be gained from thyroid preparations. 
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McLane Hamiltoo/ who, with AndFeizen, atinboies various 
fonna of insanity associated with disease of the thyroid gland to 
sntointoxication, refers to his own experience and to that of 
Babcock,^ Clark, and others to the therapeutic value of thcso 
agents. In cases of stuporous melanchdia, cerebral exhaustion, 
and chronic disturbed states of an asthenic type, there was a 
prompt lighting up of the mental condition, elevation of tlu; 
temperature, and an increase of haemoglobin in some instances 
of over 20 per cent. They were also found useful in chronic 
insanity with erotic delusions and psychoses in which the 
complete symptom-complex of catatonia was present, and also in 
cases of climacteric despondency. Easterbrook,* using thyroid 
in 100 cases which had proved.intractable by other methods, ob¬ 
tained 12 per cent, recoveries. He found it more effective in 
women than in men, the best results being obtained in mental 
disorders connected with childbearing. Of 22 patients treated 
by Leeper,* 12 recovered; only 1 of these required readmission 
subsequently, all others being, as far as he could ascertain, per¬ 
manently relieved. Conversely, A. W. Wilcox*** did not obtain 
satisfactory results. His beginning daily dose was 15 grains (1 
Gm.), increased daily by 15 grains (1 Gm.) until 60 grains (4 
Gm.) weje given daily. 

Very valuable in this connection is a report by Mabon and 
Babcock,** based on the results of thyroid treatment in 1032 
collected cases of insanity, in which the following conclusions are 
reached: 1. The dose of the extract depends entirely on the 
individual case. In some cases 26 grains (1.65 Gm.) three times 
a day will be necessary to bring about a circulatory or tempera¬ 
ture reaction, while in others the same results may be had with 
the use of 5 grains (0.33 Gm.) i. i. d. Each case must be a 
law unto itself. 2. It is essential that the patient should be 
placed in bed to obtain the best results, and he should be con¬ 
tinued there during the entire treatment and for a week following 
its discontiiiuance. 3. The treatment should be continued for 
at least thirty days. 4. We should not be discouraged by failure 
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in the tint administration, but should resort to two, three, or. 
more trials if necessary. 5. The most gratifying results in 
thyroid treatment are to be obtained in cases of acute mania and 
melancholia with prolonged attacks, puerperal and climacteric 
insanities stuporous states and primary dementia, particularly 
u'here these forms of mental alienation do not respond to the 
usual methods of treatment. 6. A high temperature reaction is 
not essential, as the average maximum temperature in the re¬ 
covered cases among men was 99.6". 7. Physical improvement 
is the outcome in most cases whether mental improvement takes 
place or not. 8. The proportion of individuals who recover 
under thyroid treatment and then relapse is less than the pro¬ 
portion that relapse after recovery from other methods of treat¬ 
ment. In a series of bis cases only one patient who had recovered 
has relapsed. 

1 would urge in this connection that smo/i doses of desic¬ 
cated thyroid, 1 grain (0.066 Gm.), increased only if necessary 
to 2 grains (0.13 Qm.) at most, be used in these cases. Those 
who have criticised the use of thyroid in psychoses erred in this 
direction and brought on, by excessive doses, tiie very untoward 
phenomena which they deplore, by loading the blood with patho¬ 
genic wastes. 

Hypodermoclysis or enteroclysis should also be used periodi¬ 
cally to facilitate osmosis and hasten the elimination of all wastes 
through kidneys, intestines, and skin. 

Again, it should be remembered that—at least according to 
my views—the use of thyroid gland enhances the vulnerability 
of the organic phosphorus to oxidation, and that, therefore, the 
consumption of this element is greitly augmented by this agent, 
as is well shown by the increased elimination of PaOg. This loss 
should be compensated for, particularly in depressive mental 
states (the brain-cells being rich in phosphorus), by administer¬ 
ing lecithin, or glycerophosphate. Berkeley,’* though unaware 
of my explanation of the influence of thyroid on tissue phos¬ 
phorus found lecithin very valuable in catatonia when given in 
conjunction with small doses of desiccated thyroid. 

In dementia praecox we have the opposite condition, i.e., 
hyperthyroidia as an underlying cause. As Berkeley states: 
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"Ezoidithaliaic goiter caaee and cases of catatonic dementia 
prsBOoz have usually an enlargement of the thyroid gland, tlic 
bruit over the neck, the high tension and rathmr rapid pulse, 
accenhiation of the second aortic sound, wide pupils, increase 
of the superficial and deep refiexes, and, lastly, a moderately 
small cell lymphocytosis.”** The inference is obvious: excess of 
thyroid activity must be the underlying cause of dmentia 
pnecox. Thyroid and other organic agente proved harmful, but 
partial removal of the thyroid proved curative, as first down 
by Berkley. The cause, whether tonsillar, dental, intestinal, etc., 
of the thyroid erethism, must be removed, Bayard Holmes and 
also myself,*** have cured severe cases by flushing the colon 
through an abdominal opening. Yet, some cases, specially 
those of the hebephrenic type, have b^n benefited by thyroid 
treatment, as observed by Levison,*** Davidson, **• and others. 

Epilhpst. —Certain features of the pathogenesis of epilepsy 
are neglected. Besides the usual array of symptoms, diagnostic 
points, etc., the well-wom and recognized etiological factors; 
intestinal worms, indigestible foods, cicatrices, dentition, fright, 
masturbation, alcohol, lead poisoning, syphilis, ursemia, and that 
great basket of iniquities, heredity, are doing duty as (d old, with 
tumors, sclerosis, and nudear degeneration as lo^ lesions. The 
physician is enjoined to remove the cause in ail conditions in 
which tliis is at all possible, to look to depressants as mainstays— 
with the bromides and diloral in tiie lead—and to think well of 
asylums and retreats. 

The features which seem to be overlooked are peculiar in the 
sense that, from the standpo^it of practice, they exceed all othws 
in importance. In fact, they constitute the dem ex machina of 
the fi^ as it •wen. Literature shows plainly, for ina tsnty, that 
the dmninant note in tlie pathogenesis of the convulsions is 
impairment of metabolism, and that the spasmogenic agent is* 
some toxic agent in the blood<Btream. Pathological variations of 
vasomotor action, due more or lees to a morbid condition of the 
blood, have also asserted themselves so strikingly in the produc¬ 
tion of fits that some observers have been indined to regard 
them as the foundation of the whole aymptom-comidex. Again, 
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(icstruction of tlie Bpasmogenic agent has licen iirgetl by aontc aa 
tlie only reasonable principle of cure in opixiHition to tlie use of 
bromidea and chloral, which tend to increase its formation in the 
blood-stream. Finally, bacterial toxins may be tlie underlying 
cause. 

As to the presence of toxic wastes, so able an observer as L. 
Pierce Clark,'* after a study of 150,000 seizures, concludes that 
“we must see the principle of pathogenesis in an initial toxin or 
autointoxication,^' i.e., “an aceiimnlation of waste priMliicts." 
The relationship between the latter and the prcKluction of epilep¬ 
tic seizures is further shown 1)^' the fact, ein])hasizcd by Van 
Gieson'” and many others, that the attacks are more fretpicnt 
when gastro-intestinal disorders, especially those due to over¬ 
eating, gulping, and constipation, arc present than at other 
times. Indeed, Herter'* caused typical tonic and clonic con¬ 
vulsions and death in rabbits in forty-dve minutes by injecting 
the deflbrinated blood of an epileptic overfeeder, while blood 
from an ordinary patient did not produce such effects. Krain- 
sky” also provoked characteristic seizures in rabbits in two or 
three minutes and several recurrences with blood-serum obtuimnl 
by cupping from a case in status epilcpticus. t’eni*" found the 
blood of epileptics poisonous to man also, 'riius, he ascertained 
experimentally that “non-epileptic subjecits react under injections 
of hypertoxic serum, and present intoxication phenomena that 
are analogous to those observed in epileptics, though less intense 
and unaccompanied with psychic disorders or epileptic attacks.” 

The effect of such poisons on the t'OHomotor merhanutm is 
quite as evident. The conjunctiva and face of the epileptic from 
whom Herter obtained the hypertoxic serum rcferreil to were 
congested. That this was due to the action of the poison in his 
blood is shown by many facts. “Certain drugs, notably absinthe,” 
writes Schafer,’* “piwluce, when injectwl into tlie vascular 
system, convulsive attacks which are scarcely distinguishable 
from the epileptic fits provoked by stimulation of tbe cortex 
cerebri.” Now, all such drugs cause a marked rise of the blood- 
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preamue. This msy be shown by comparison with a lew of tli<> 
numy other spasmogenic drugs. Thtu^ while absinthe was fouml 
to cause intense congestion of all organs eiamined by Panly ami 
Bonne,** Wood**-states that **the full dose of strychnine pro¬ 
duces a rise of the arterial pressure which is enormously in¬ 
creased during the convulsions.^ He refers also to the- observa¬ 
tion of Bezold and Bloebaum, **that when a small dose of 
atropine is injected into the carotid artery near the vasomotor 
centers” . . . "there is an instantaneous rise of blood- 

pressure”—great rise,” he subsequently remarks. Cocaine, as 
shown by von Anrep, causes "convulsive movements of cerebral 
ori{^” which "are arrested by section of the spinal cord." 
Wood also says: "Certainly the evidence is overwhelming that 
cocaine directly increases the blood-pressure.” The fits’ causeil 
by this drug are precisely those of epilepsy; the ^ndrome is 
known, in fact, as "coaiine epilepsy.” 

' In typical epilepsy the participation of the vasomotor 
mechanism is none the less marked. Spitska, over thirty 
years ago (1881), attributed the epileptic seizures to the 
"explosive activity of an unduly irritable vasomotor center,” and 
most neurologists regard epilepsy as "a functional vasomotor 
disease.” The blood-pressure is not only high, as observed by 
Frangois-Franck and Pitres, but the sp^ of the blood-stream 
in muscular vessels, according to Leonard Hill,** is from three 
to five times greater than usual—an index of the violence of the 
cortical circulation. Inde^, Weber** found vascular lesions and 
extravasations in the cortex and medulla of cases of status 
epilepticu^ so great was the force which uiged the blood into 
the capillaries. Onuf even found, besides the capillary changes, 
tortuosity and aneurismal dilatations. Victor Horsley** has 
emphasired the importance of congestion of the cortical mantle 
jp the production of epileptic seizures. Ito** caused them in 
guinea-pigs by producing traumatic hypeiseraia of the cortex. 

We thus have, as cause of the convulsions, a toxic in the 
blood cajMble of producing a high vascular tennon, and thereby 
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pxcenive hypenemia of the cortex. This hypenemia is a 
rocogniied cause of epileptic seixures; in fact, ss shown by 
i’ros,** e?eii electrical excitation of tiie cortex cannot provoke 
(its after it has been ansesthetized by a local appli<»tion of 
i-ocaine. This is not intended to mean that a high vascular 
tension due to toxics Of internal or external origin will pro* 
(luce epileptic seizures in every one and any one; were it so, 
the many disorders of the gout scries would likewise provoke 
them. What I do mean is, that in all epileptics the exciting 
factor of the seixurea thooMclvee, and irrespective of the condi* 
tion which renders the subject liable to them, ts a poison formed 
in the tissues or food residues^ toxalbumins, and that our chief 
aim, if we are ever to obtain mastery of the dread disease, should 
be to destroy these poisons and prevent their formation. Is it 
by saturating the system with bromides—^which lower oxidation 
—^that this can be accomplished? Such treatment ignores 
nature’s danger-signals, and gives the spasmogenic poison free 
sway. 

What are the weapons at our disposal that are capable of 
causing the destruction of these poisons and of preventing their 
formation ? 

Textbooks on the practice of medicine, including the "last 
editions,” continue, regardless of the admonitions of men of 
large experience to the contrary, to advocate the nsc of bromides 
as a curative measure. Percy Bryant,” ten years ago, empha¬ 
sized the fact that the bromides had added another disease in 
many epileptics, namely, bromism. Spratling,*" as the result of 
a close study of several thousand cases at the Craig Colony, con¬ 
cluded that **we must not only regard the bromides as powerless 
to cure epilepsy,” but also "as capable of doing as much harm 
as thqr do good as they are ordinarily administered.” F. 
Peterson" has reported 11 cases in which the number of 
attacks was greatly reduced by withdrawal or marked reduction 
of the drug: “in rome cases,” says this neurolc^st, “the 
improvement is startling.” 

In the light of the evidence I have submitted in the fore- 




UiB. wwdi.. a^ IS, 

Stata HaaMtia KlleUii. Oct., MjS. _ 

'mw Twk M^lealJaarul An*. ML Um. 

WS., Sept. IS, mil «a4 Amn. tuL, Jmat M, UN. 


720 


THXBOID OBOANOTUWUPY. ■PlIiBFST. 


going psge^ the untoward effects of the bromides are readily 
accounted for. The seizures are due to the presence in the blootj 
of toxic waste products which, by powerfully exciting the vaso¬ 
motor center, cause an intense rise of mscolar tensimi and 
violent hypenemia of the cortex. The logical indication is to 
prevent toe formation of these toxic wastes by measures that 
enhance the oxidation processes through which they are con¬ 
verted into harmless, readily eliminated end-products. Now, 
the bromides produce precisely toe opposite effect: Wood*" 
states that "even small doses of bromide are directly depressant 
to the circulation.*’ Again: "In mammals the bromide acts 
very much as on frogs, inducing progressive paralysis, depression 
of temperature, and death by asphyxia when given in small 
poisonous doses.” Asphyxia here clearly points to the drug as 
one that impairs oxidation, a fact emphasized by toe lowered 
temperature. Chloral, also used considerably in epilepsy, is fully 
as harmful; iliebardson, Hammerstein, and others have found 
that it could reduce the temperature very greatly—6° C. (10.8** 
F.), according to the last-named observer. 

Of major importance in this connection is toe fact that the 
bromides paralyze a mechanism which, from my viewpoint, is 
the patient’s sheet-anchor, viz., the adrenal system. This action 
is sufficiently marked in some instances to cause bronzing 
similar to that observed in Addison’s disease. Boumeville and 
Chapotin,** for instance, refer to Fcheverria,** who witnessed a 
i case in which the brow and neck "were markedly pigmented 
brown,” end to others reported by Voisin; in one of these "toe 
skin of the face was a dark, dirty yellow”; in another it was 
"covered with bronze patches having no connection with the 
acne.” Inasmuch as it is the adrenal secretion which takes up 
the oxygen of the air to carry on oxidation (as the albuminous 
constituent of hemoglobin) througliout the entire organism, toe 
bromides—chloral as well—inhibit precisely the function which 
should be activated. 

On the whole, it is by preventing the destruction of toe toxic 
wastes which provoke the fits that these drugs are harmful, and 
it is obvious toat toeir use,' under the delusion that they are 
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carative, can only serve to perpetuate Utc disease unless used, as 
sliown below, with the greatest discretion. 

Another very important feature in the treatment of these 
cases,* however, is tlie diet. In some of my cases this alone 
sufficed to reduce the number of paroxysms from several a day 
to one or two a week, and in one instance to cause their cessation 
as long as the patient abstained from the use of certain foods 
and beverages, including coffee and tea. The general principle 
involved in this connection is that we are dealing mainly with 
poisons formed during the breaking-down of worn-out living 
substance, i.e., during catabolism, and tliat these {misons fonn 
owing to insufficiency of those constituents of the blood which 
carry on catabolism and destroy the toxic wastes. In the 
majority of cases the foo<l-intake is excessive, and the cellular 
elements are burdened with detritus which cannot be completely 
converted into eliminable products. The blood, therefore, is 
loaded with substances which irritate the vasomotor tenter and 
thus provoke the seizures. 

The practical lesson of this principle is obvious, namely, to 
allow the patient only tlie quantity of food strictly ncc'essary to 
the needs of the body. Indeed, neurologists of wide exi>cricncc 
have found that the ln‘st results arc obtained when the food 
consists mainly of cereals, milk, fruits, and butter. Home 
include eggs, but others object to them. Meat, if allowed at all, 
should be strictly limited to the midday meal, and even then in 
small quantities. Fats, fried foods, and pastry often prove 
harmful. Stimulants which tend primarily to cause a rise of the 
blood-pressure, i.«., alcohol, coffee, and tea, should not be allownl. 
Oastro-intestinal disorders sometimes suffice to awaken the dis- 
eaw. Appropriate treatment, including daily colon-flushing with 
normal saline solution, has proven curative in such cases. The 
patioit should also be enjoined to drink water freely, in order to 
facilitate the elimination of wastes. 

As to the medicinal treatment, the indications are remedies 
which, as I have pointed out elsewhere,** enhance oxidation, the 
benefleial effects of thyroid extract in tetany, tetanus, and puer¬ 
peral eclampsia affording ample proof of their value. Bourne- 
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ville*' found that thyroid extract failed to aneat the seizures, 
and even increased them. But the cause of this is self-evident: 
he gave full doses, and thus enhanced general metabolism so 
activdy tiiat he increased the production of wastes. Browning,*'* 
on the other hand, caused the cessation of convulsions in epilep¬ 
tics by giving %-grain (0.05 Gm.) doses twice daily. He states 
that these cases '^are due to or associated with disturbance iti 
the general metabolism of the body’* and refers to them as 
‘'pseudo-epilepsy.” All cases of idiopathic epilepsy diould be 
considered in the same light if the term “pseudo-epilepsy^* were 
warranted at all, since, as. we have seen, Pierce Clark and others 
ascribe the disease to “an accumulation of waste-products.** 
Browning’s cases were bona fide cases of epilepsy, and what they 
do teach is that small doses of thyroid extract are alone indirated. 
These, however, as my own observations have shown, must be 
very gradwdly increased according to the effect on the patient. 
I usually begin with 1 grain (0.066 Om.) at each meal, giving 
a small dose of sodium bromide on retiring at first, if necessary, 
and gradually reducing tlie dose until none is given at all. 
Some cases are benefited by larger doses of thyroid. Thus, in a 
ease treated by a colleague, under my supervision, the nurse, 
through a misinterpretation of instructions, doubled the dose; 
the result was considerable improvement. Sochting*** obtained 
romarkaUe results also in a case in which hypothyroidia was evi¬ 
dent—^the underlying cause of cases cured with ^yroid. 

Osborne” also refers to a number of ca^ of epilepsy treated 
successfully with thyroid, several cases being in women at the 
time of the menopause and in young girls at the time of puberty. 
There being no assignable lesions for'the epileptic attacks, “I 
reesoBed,” says this clinician, “that they must be purely toxic, 
and that this toxsemia was in excess periodically when the patient 
should have menstruated. Many of these patients had received 
bromides, and, while this postponed or controlled the epileptic 
attacks, general debility and bromism were appearing; In the 
young girls I used thyroid as an emmenagogue, with the belief 
that normal menstruation would prevent the attack of epilep^. 
I found that it did. I then used the thyroid in the menopause 
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oasM, m Bome continiiously in small doses, and in others a few 
days a month at a possible menstrual epoch. I found that I 
could control and prevent the epileptic attacks as well witli 
thyroid as could be done with bromides, and with much Mter 
results to the system.** Similar cases have lioen reportetl bv 
A. Gordon ;*»• Sieard”* found that bromides countenu ted actively 
the effects of thyroid, while Manson”' not«l the inarkwl value of 
thyroid in the epilepsy of cretins—a suggestive relationsliip. 

Briefly, the treatment of epilepsy should have as main 
object, as 1 pointed out in 1903,»* to activate the attabolism of 
spaatnogemc wastes through the adrenal system and to avoid, 
as a cure, drugs such as the bromides and chloral, which depress 
this function. In some instances, the iodides serve a better pur* 
pose; the salicylates (or salicin, 6 grains [0.33 Gm.] three times 
daily) are also effective, as Haig, Vincent,** and others have 
shown, but both these agents stimulate the adrenal center and 
enhance, therefore, the oxidation processes. Such remedies, to 
keep the blood free of toxic wastes; dietetic measures, to rtnluce 
the quantity of such wastes formed; and finally, the free use of 
water, to insure the rapid elimination with the urine, sweat, etc., 
of all physiological wastes, constitute a therapeutic triad which 
soon causes the vasomotor center to lose its irritability, thus 
preventing the cortical hyperemia to which the convulsions arc 
due. A small dose of strontium bromide at night, to reduce tlie 
hypersensitiveness of the vasomotor center, may be used, but if 
progress is made without it no bromide had better be given. 

Isolated cases in which thyroid proved of value have been 
reported by a nun^ber of observers, who in most instances specify 
that the bromides had proven ineffectual. A scries of 6 cases 
in which h 3 rpothyroidia was discernible were treated by A. 
Gordon.** In these cases a remarkable change took place, lioth 
in the general condition and in the frequency of the epileptic 
seizures. On the other hand. Pierce Clark** used thyroid in 3 
cases, which failed to be “attended with very good results.** Two 
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points stand ont piominantly in these cases: (1) the dose was 
too largi^ the initial dose beh^ 6 graine (0.98 Gm.) i. i d., and 
(2) cases arme sdected "in which epilepsy had bWn a promi¬ 
nent fratoie in the patient’s life since early infancy.” Obviously, 
in the lattw instances we were dealing with advanced gliosis, 
whidi precluded all hope of cure. Yet> as Fierce Clark says, 
"all seemed to be bmefited for the time being." Dercum*** 
found as small doses as % to ^ grain (0.008 to 0.016 Gm.) for 
prolonged periods very hdpfuL 

In 8(nne cases the causative toxaemia is primarily due to 
toxins derived from intestinal stasis, carious teeth, chronic 
sinusitis or tonsUlitiB and other processes of bacterial origin. 
Search, should be made for any pathogenic fiu^r and if any 
be present^ it should be eradicated. In cases Of cecal or colonic 
stasia ascertained by X»ray barium ^meal mcamination, high 
colonic flushing is very helpful, in addition to the thyroid treat¬ 
ment and may be curative^ as observed in a personal case 

Obbsitt.—^T he fact that thyroid preparations in sufficient 
doses promote the rapid combustion of fats has caused them to 
be n^ extensively in this disorder. Given indiscriminately 
and empirically, in excessive doses, iheir use has often been at- 
tmded by distressing after-effects. 

l%e cases in which thyroid gland is scientiflcally indicated 
are those in which stone degree of hypothyroidia exists, and in 
wtonen in whmn penhysterectomy, by removing two organs rich 
in adrenal rests^ the ovaries, has gr^y reduced &e oxidative 
power of the blood—a deficienqr which affects morbidly the 
tihyxoid apparatus as it does all other tissues. In the latter class 
of cases^ therefore^ hypothyroidia is also the foundation of the 
obesity. This may be said also of destructive disorders of the 
pitoituy body whirii, by depriving the thyroid of its functional 
impulses, reduce its functional activity. Briefly, in all cases of 
obesity in which thyroid gland is rationally indicated, the feataie 
to determine is whetbv directly or indirectly hypotlqrzoidia 
undeiBee tlm a^poeii. 

In t«ry mild eaee^ tl^ underlying cause is sometimes dffl- 
detenuiue; but as i mle^ some^ very flinr perhaps^ of the 

may usnalfy be dimemed on etose 

Asiaa'i^ iyswe., isfii, p. as. mm. 




Case of cretinism aged SSI, Elfsota cf four mautha' thyroid 
treatmeutt [Sandersan.] 










.tUTROlO OaiUMOTlUBAPT. 73^ 

in ohillinen iad robnoniud tompuyton^ eoId> 
oeii ^w'^tnmitses and inuitiTOiaH to cold; fidigM m 
bUi^ with tandem^ to teneamoB; non 

or lili In^oont atdu^ of migraine, *%ick hetdaclMfir with 
nai^; tw^infc e|:., and other periodic manifeatatkma of 
anhMiititndcationr-di^ to inadequate reduction of waate^prad- 
ucta liid their retention in the blood. The akin taking part in 
the ptoceat of eUmuiaiion, urticaria and eczema may be found 
in the hiaiory of the^caae, while tranaitory oedemaa of the brow, 
around the eyea, and,8ometimea of the face, m'en in the abaence 
of albuminuria or ctata, may alao have occurred. Enureaia ia 
commonly obaerved in fat, paaty children of thia type and may 
penial to adult age. The patient-may be aubject to frequent 
catanhal diaordera of the reapiratory paasagea, uaually aacribed 
to eolda^ but due mainly to vaacular and glandular relaxation. 
A tendency to early alopecia, including the eyebrowa (eapecially 
their outer third), ia aUo noticnble in aome inatancea—a aign 
of deficient geneiiri nutrition which coincidea with a marked 
proclivity to early aenility. The aupraclavicular pada are aome* 
timea diacemible when the adipoaia ia not exceaaive. Even in 
the latter caae aometimea the pada project beyond the general 
level. 

' In women, the menatruation, appeara late owing to retarded 
development, and there ia a proclivity to metrorrhagia due to 
Iwty of the muacular coata of the uterine artcriolea, while pelvic 
diaordera are apt to occur owing to deficient aupport of the 
uterna, lack of tone* in ita muacular elementa. I/eucorrhoea ia 
alao frequent owing to relaxation of the glandular elementa of the 
whole genital tract. Such women conceive readily, but abortion 
ia very frequent among them; if the foriua ia carried to the 
normal period, they have little or no milk. If the obeaity ia 
marked, aterility ia the rule; but when auch patienta are given 
thyroid gland and their obeaity ia reduced, they readily become 
pregnant, aa obaerved by Hertoghe, Montgomery, and othera. 

Caaea of obeaity due to hypothyroidia alao afford, aa a rule, 
quite a due aa to the preaence of thia condition, by the atatement 
that none of the dietetic "curea” seemed to improve their condi. 
tion. Indeed, moat* of them complain of having been made 
worae. Thia ia readily explained by the fact that their hypo* 
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thyroidia could only be aggrayated by deficiency of food and 
foKed exercise. 

ContraindktUiona to the use of thyroid preparations in 
obesity have been elaborated by various observers; but perusal 
of their work indicates clearly that they have been administering 
excessive doses. Severid lives have been lost under th^ condi¬ 
tions, and many others have been lost by self-drugging. Large 
doses are always dangerous in the obese, since the heart is itself 
invariably fatty, while, conversely, small doses are always helpful 
because they very gradually rid the heart of the fat which 
compromises its functions and eventually causes death—^when 
the patient has not been carried off by some intcrcurrent dis¬ 
orders. Even moderate doses have not proven harmful when the 
patient was under medical surveillance. 

The dose of desiccated thyroid need not exceed 1 grain 
(0.066 Qm.) three times daily in any case. This suffices to 
cause a decrease of weight of from 1 to 3 pounds a week, and 
sometimes more, Anders*' having observed in 2 cases under this 
dose "a progressive loss of weight at the rate of 4 to 6 pounds 
per week, respectively, without injury to the general health.” 
Such doses do not impose upon the patient the need of modifying 
his usual mode of living and his diet need not, unless excessive, 
be altered. Occasionally, the dose must be gradually increased 
to 2 grains (0.13 Qm.) three times daily, but this is seldom 
necessary. 

When the obesity is accompanied by weakness, the appetite 
is usually increased, especially when, as is my custom, Vso gi'ain 
(0.0013 Qm.) of strychnine is given with each dose of desiccated 
thyroid. The patient does best under these conditions, when 
lean meats, plainly broiled, roasted, or stewed, constitute the 
increase of his dietary. This treatment is valuable in another 
direction: it tends to counteract any tendency to constipation 
that may be present. 

The untoward effects most frequently met with in obese 
subjects are of cardiac origin: marked discomfort in the pre- 
cordia; dyspnoea, with tendency to heart-failure. Tn some 
instances this has been followed by death, when marked fatty 
d^neration happened to be present But,* as stated, these do not 
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occur when small doses—1 grain (0.066 Oiu.) of the desiecatetl 
tliyroid—are used. JSven the greatest watchfulness will not 
prevent to»c effects when large doses are adiuinistere*!, since the 
accumulation of the thyroid principle proceeds at a rapid rate 
aind the milder symptoms of thyroidism are almost at once fol¬ 
lowed by its acute manifretations—those fareviously describetl. 

Adiposis Dolorosa; Dsreum’s Disease. —Having had no 
personal experience in the treatment of this rare disease, the 
following quotation from *a comprehensive article by Professor 
Deicum, soon to appear, is presented:— 

**In the treatment of adiposis dolorosa one remedy has 
in a few cases proved of value, and that is thyroid sulwtance. 
This should be given in doses of from 21^ to 5 grains (O.ld.'i 
to 0.33 6m.) three times daily, for a very long time. The 
salicylates, notably aspirin, are of decided value in relieving 
the pain. The best plan of procedure, as a matter of course, 
is to place the patient in bed, and to institute a systematic 
course of treatment. The rest should be absolute and should 
extend over several months of time. 

“The patient should be weighed when treatment is begun 
and thyroid substance given at first in small and then in 
somewhat larger doses. At the same time a diet should be 
instituted that is largely free from carbohydrates and fats. It 
should be remembered, however, that a diet, no matter how 
rigid, will of itself make no impression in adiposis dolorosa; 
it will fail absolutely. It is, of course, wise to institute a 
careful diet, but patients do better when the diet is not too 
strict. Inasmuch as the affection is attended by a marked 
asthenia, the diet should be nutritious. It should consist of 
the red meats in moderation, the white meats freely, the suc¬ 
culent vegetables, eggs, and skimmed milk. The latter can 
be used between meals, and, if necessary, also at mealtimes. 

^^The pains are not infrequently controlled or, at least, 
made better by aspirin or salophen in full doses, 10 or IS grains 
(0.66 or 1.0 Qm.) three times daily after meals. Sometimes 
the tenderness and soreness are better borne when the limb or 
part affected is gently supported by a flanhel roller; if the 
tenderness be extreme a layer of cotton-wool may first be 
applied. 
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"Just as soon as the tenderness permits, gentle massage 
should be instituted; sometimes this can never be employed; 
in other cases, again, it can be instituted comparatively early, 
and there can be no doubt that in a measure it favors the 
diminution of the swellings, especially if the patient can bear 
deep kneading. Bathing between blankets, as in ordinary rest 
treatment, should also be carried out, but of themselves baths 
accomplish nothing in adiposis dolorosa; indeed, the physical 
exertion and manipulation attendant upon the application of 
ordinary hydrotherapeutic measures in these cases exhausts 
the patient. 

'*It is a good plan to keep a recoil of the pulse and tem¬ 
perature during thyroid administration, although the writer 
has never observed any fluctuations of moment in these cases, 
even when the thyroid was pushed. The patient should, of 
course, be weighed from time to time, and the dose of thy¬ 
roid modified according to the impression made. In some 
cases no impression whatever can be made; in other cases, 
again, the impression is decided. In 3 cases of the writer the 
result was most satisfactory; 2 of these were treated sys¬ 
tematically by rest in bed; the third could not, for certain 
reasons, ^ put to bed. In all 3 the improvement in the 
size of the swellings and in the lessening of pain was very 
great. Treatment was carried out six months to a year. In 
1 case the affection recurred at the end of two years, but was 
again controlled. In the second, improvement and practically 
good health has persisted for four years. The third was 
greatly improved, and has disappeared from observation.” 

Goiter. —^As Rogers** states: "Simple goiter, or hyper¬ 
trophy of the thyroid gland, is usually considered to be a 
disorder which is entirely distinct from Graves’s disease, and 
to represent a totally different pathological process; but there 
are many reasons for doubting this conclusion and for sug¬ 
gesting something of the same patlioli^cal physiology, at least, 
in the origin of both exophthalmic goiter and simple goiter.” 
Yet we are confronted with the fact that thyroid preparations 
are often useful in goiter, whereas in the active or erethic 
stage of exophthalmic goiter it is harmful. This is explained, 
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from my viewpoint, however, liy Ihe fact that we are dealing 
in goiter with a compensative reaction very similar to that 
which occurs in cases of exophthalmic goiter, as previously 
stated. The presence of some toxic in the blood (goiters are 
now generally ascribed to the presence of some unknown toxic 
in the drinking water of the regions in which they occur en- 
demically) creating a demand for an increase of thyroiodasc 
as one of the antitoxic constituents of the blood, the organ 
is unable to furnish it. Being subjected to undue stimulation, 
the local expression of which is excessive vaso<]iIation, it be¬ 
comes enlarged, i.e., goitrous. Briefly, in those coses in which 
thyroid preparations are effective, the goiter is the result of 
a toxemia which the added thyroid substance helps to coun¬ 
teract as one of the physiological antitoxic agents. 

In some of these cases, however, both iodine and thyroid 
gland seem to produce pernicious effects. Even minute doses, 
as observed in one of my cases, suffice sometimes to produce 
distressing symptoms. It is always advisable to begin, with 
fractions of doses and to increase gradually until the bene¬ 
ficial dose. Beginning with grain (0.033 Gni.) three times 
a day, the dose can be raised gradually to 2 grains (0.13 Gm.), 
but in moat cases 1 grain (O.OGG Gm.) suffices to compensate for 
the inability of the org^n to supply the volume of thyro- 
parathyroid secretion required by the organism at large. 

The dietetic and other measures indicated in these cases 
have been reviewed in full in the article on goiter, to which the 
render is referred (page 243, this volume). Surgical interven¬ 
tion may become necessary when pressure symptoms appear. I n 
competent hands the post-operative mortality has been prac¬ 
tically reduced to ntl, and when we consider that a simple 
goiter may assume the more formidable type of exophthalmic 
goiter our duty is to afford the patient this, tlie surest, guar¬ 
antee against it when medical treatment, including the use 
of thyroid, fails to turn the tide toward recovery. 

Chrokio Bheumatism. —^In the treatment of this disease 
we owe much to the patimt labors of Lfopold-Wvi and H. 
de Bothachild.** 
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These leave uo room for doubt that ihyroid gland is of 
great value. In a seriea of 39 cases ranging from the ages of 
12 to 75 years, 32 were greatly improved, cure being obtained 
in 2 severe cases. All the concomitant symptoms, such as 
oedema, neuralgia, etc., were favorably influenced; it increased 
the appetite, caused the cardiac anginas and all neural phe¬ 
nomena to disappear. 

Two examples of the results obtained will serve to illus¬ 
trate both the treatment resorted to and the doses employed. 
Both were cases of chronic rheumatism with hydrarthrosis. In 
one of these the hydrarthrosis followed a fall from a bicycle, 
and was the precursor of attacks of muscular rheumatism, all 
the joints being gradually involved in the morbid process. Not¬ 
withstanding seasons at Aix-les-Bains, Dax, and other stations, 
the patient became quite impotent, having even to be fed. The 
usual remedies proved unavailing, though aspirin and iodine 
seemed, at least for a while, to be of some benefit. The pa¬ 
tient’s condition becoming steadily worse, thyroid extract was 
tried, beginning with grains (0.1 Om.) every other day 
during ten days, followed, after five days, by resumption of 
the remedy; then giving again only grains (0.1 Gm.) every 
other day. This dose was gradually increased until, eleven 
months later, the patient was taking grains (0.5 Qm.), in 
divided doses, daily. Good results have also been recorded by 
Revilliod, Lancereaux, end others. 

The interpretation of the pathogenesis of rheumatism 
I submit elsewhere in this work affords an explanation 
of the manner in which these results are obtained. Briefly, 
from my point of view, rheumatism is due to the presence in 
the blood of any toxin, or toxic, especially toxic wastes derived 
from excessive tissue metabolism, capable of exciting violently 
the adreno-thyroid center, and of increasing to an abnormal 
degree, therefore, the functional activity of the adrenal sys¬ 
tem. The proportion of adrenoxidase in the blood being very 
greatly increased, as shown by the tendency to hyperthermia 
and the anemia (due to hsemoljrais), there occur (1) hypercon- 
stiiction of all vessels owing to excessive metabolism in their 
muscular coats, and, as a result, hyperemia of all capillaries 
(which are not provided with such a coat), including Aose of 



THTHOID OaOANOTHBRAPT. 781 

the serons membrane^ especially those of the joints, and also, 
(*2) as a result of hyperoxygenation of the pancreas and leu- 
oocytogenic tisanes and hyperstimulation of the thyroid ap¬ 
paratus, an accumulation of autotoxic bodies in the blood- 
plasma, and effusion into the joints, serous membranes, glandu¬ 
lar elements, etc. H^nce the swelling, heat, severe pain, accu¬ 
mulation of fluid, and the inflammatory lesions, including ero¬ 
sion in the joints; hence also the marked predilection of 
serous membranes, the pericardium and endoeanlium, the 
myocardium, the tonsils, etc., to inflammation; hence, finally, 
the fibrous adhesions in the joints and around the neighboring 
structures which provoke ankylosis. 

While the toxins of various bacteria, the staphylococcus 
citrens, the micrococcus lanceolatus, the gonococcus, may stim¬ 
ulate the test-organ sufficiently—especially in individuals in 
whom this organ is hypersensitive—to provoke acute rheu¬ 
matism, it is caused in most cases by intermediate toxic waste- 
products which appear in the blood as a result of exposure to 
cold and the resulting hypocatabolisni—the cellular trypsin 
failing, when the local temperature is below normal, to break 
down adequately womout cell material. 

Chronic rheumatism differs from the foregoing, in that the 
cause of the disease is inadequate catabolism of tissue wastes 
and excitation, by the toxic products formed, of the vaso¬ 
motor center, while the pathogenesis of the joint lesions in¬ 
cludes more or less increase of the vascular tension, as in the 
acute form. 

Under these conditions, it is obvious that thyroid gland, 
by increasing the proteolytic activity of the blood, promotes 
destruction of the toxic wastes which underlie the disease. 

Analysing L6vi and de Rothschild’s results from this view¬ 
point, the manner in which they were producetl by their 
tmaU doae$ becomes self-evident. Thus, increase of appetite 
was the first effect noted; this is a normal result, since the 
greater cellular activity and catabolism created a greater de¬ 
mand for foodstuffs. Increased heat production soon replaced 
the marked and constant chilliness from which the patient suf¬ 
fered—an effect due to the marked increase of oxidation the 
thyroid extract engendered throughout the body. The dose 
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waa increaBed to graina (0.1 Qm.) one day, then to 3 giains 
(0.2 Qm.) the nezl^ thia being continued ten daya. After a 
period of rest of fire daya, 3 graina (0.2 Qm.) were again given 
daily. The pain became leaa—a fact due to ^ecreaaje of the 
vaacular tenaion, owing to increaaed deatruction of the toxic 
waatea which excite the vasomotor center, thus causing con¬ 
striction of all arterira. The aenaory nerve-terminals being 
relieved of the hyperaemia which caused the'pain, the latter 
became leas mark^ in proportion. Closely connected with 
this beneficial action was the effect on the joints, viz.: the 
hydrarthrosis became reduced. Being also due to excessive vas¬ 
cular tension, it is plain that, by causing vasodilation in the 
manner just explained, thyroid extract caused the excess of 
fluid to leave the joints. Tlie dose being still further increased 
imtil 7% grains (0.5 Qm.) were taken daily, emaciation occurred 
—a well-known effect due to excessive catabolism provoked by 
large doses of thyroid extract 

Eleven months* treatment brought Ldopold-IAvi and 
Botbschild’s case back to a condition of comfort, the joints 
having resumed their shape and flexibility—with the exception 
of one knee, which remained ankylosed—owing doubtless to 
fibrosis, a condition beyond the reach of the remedy. This 
does not militate against its use, however; it simply shows 
that the treatment was resorted to too late to avoid irre¬ 
mediable organic lesions. Bheumatism with eczema and epi¬ 
lepsy in the child also disappeared under thyroid treatment in 
a case of lAopold-IAvi’s.*^ 

In a case treated by Farhon and Papinian** thyroid ex¬ 
tract produced, tliough the disease was of twenty-four years’ 
standing, "a true regeneration.” When grains (0.5 Qm.) 
in five divided doses daily had been given some time, palpi¬ 
tations, tachyrardia, and arrhythmia appeared. On withdraw¬ 
ing the remedy these untoward effects ceased, but racurred as 
soon as its use was resumed. This affords additional evidence 
in support of a fact I have often urged, viz.: that the best 
effects of tliyroid extract are obtained with smali doses. 

These, results have been confirmed by other observers, 

lAopold-Mvl: Soc. a« MSd. Fiuii, Oct. ». ISU. 
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notably by C!ombe, F. ClaiBse," Souques,^^ M4nard,^* Clause and 
Vincent/* and more recently by Steele-Perkins*** and Wilson.*** 
Though thyroid products act very gradually, and require patience 
and careful watching, the method is a very promising one. 

Ekub^is.—^I n many instances this condition is due to 
general asthenia, and the muscular debility which attends this 
state carries along with it inability of the sphincters to perform 
their functions at all times, especially when, during sleep, general 
relaxation prevails. The influence of thyroid on general metab¬ 
olism and nutrition and tlic resulting increase of functional 
power in all organs affect equally botli the cystic and urethral 
sphincters and thus overcome the trouble. 

According to Hertoghe,** nocturnal incontinence of urine in 
young children and adolescents is due to thyroid insufficiency. 
He observed a number of cases in which the use of thyroid ex¬ 
tract was followed by improvement or cure. Children who 
suffer from incontinence are often undersized, and they present 
the infantile habitus in varying degrees—improperly placed 
teeth, nasopharyngeal adenoids, flat chests, and emaciated and 
slender extremities. Such patients—those in which thyroid 
gland will prove benefleial—arc often flat-footed and their feet 
have an offensive odor, their gait is stiff, they suffer from pains 
in the thighs and from sciatica produced by the cold and moist 
surroundings in which they lie at night. The systematic ex¬ 
amination of the urine in these cases shows an abundant deposi¬ 
tion of the cells covering the free surface of the cystic mucosa. 
In children beyond 2 years of age Hertoghe gives 2 grains (0.13 
Gm.) daily with 3 to 5 grains (0.2 to 0.33 Gm.) of potassium 
iodide and the bromides on retiring. 

Additional signs are subnormal temperature, deficiency of 
hair in the external thinl of the eyebrows, as observed by 


L£opold-L4vi and de Rothschild; scaphoid scapulae, delayed 
epiphysial development, as determined by the X-rays, and ade¬ 
noid vegetations. In such cases removal of the latter fails to 
benefit the patient. Thus, Tieonard Williams^* reported a case 
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of enniesis in ^ 9-year-old boy in which he tried removal of the 
adenoids. The operation made the boy much worse, however, 
and, believing that the removal of the adenoids deprived the boy 
of a necessary internal secretion, he then gave him thyroid ex¬ 
tract, ^ grain (0.033 Qm.) twice daily. The result was instan¬ 
taneous and complete, the boy no further wetting the bed. 
Twenty-four other cases were thus treated. Only one of these 
proved rebellious to the trratment. The essential point to 
remember is that thyroid glimd is useful mainly in cases in 
which there exists hypothyroidia, some sign of which can always 
be discerned if it is at all present. Firth obtained marked 
improvmnent in 16 out of 28 cases with small doses, especially 
when the enuresis had persisted since birth. 

Skin Dibbasbs. —A prolonged trial of thyroid preparation 
in many diseases of the skin has led derraatoli^ists to the con¬ 
clusion that they were indicated in disorders doe to deficient 
metabolism. As stated by Winfield, these include the erythem- 
atobulbous type, which includes dermatitis herpetiformis, and 
the psoro-ec7.eroatous type, to which belong prurigo, psoriasis, 
and chronic eczema. 

This is explained by the action of thyroid producte on 
oxidation and metabolism, as is well shown in the effecte noted 
by Don: 1. Increased nutrition of the skin; hence its probable 
remedial action in ichthyotic conditions: an effect produced 
without any necessary abnormal perspiration. 2. Increased 
action of the cutaneous glands, accelerating excretion of waste- 
products, thus keeping the surface in a supple condition. 3. 
Begrowth of hair, as ^own in myxoidema and some cases of 
general alopecia. 4. Increased activity of the epidermal layers, 
causing desquamation of unhealthy epidermis and reproduction 
of a new covering, as observed in ichthyosis, psoriasis, dry 
chronic eczema, and at times in myxmdema and cretinism. 

Eason** reported several consecutive cases of eczema in 
young children successfully treated by thyroid. In the first case, 
14 months old, the baby had suffered from eczema of the 
face for nearly a year. This had been entirely resistant to the 
usual applications and internal treatment; nor was hospital 
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treatment nton efficacious. Two and a half grains (0.165 Uni.) 
of a thyroid' tablet-was given daily. In a little more than one 
month the child was entirely well. Ilia cure persisted fur 
nearly a month, when tlie disease showed a tendency to recur. 
The second course of thyroid was followed by a penuanent cure. 
The 4 other cases gave similar results. Monssous'^* ol)si>rved "i 
erases of eczematoua seborrheea successfully treated witli thyroid. 
In the first csk the scalp was normal at the end of two weeks; 
in the second in one montli. Complete cure occurred in both 
cases, and has persisted. 

In psoriasis thyroid is harmful when the eruption is de¬ 
veloping, but it sometimes acts witli surprising efficacy in fully 
dei^oped cases. Tlie untoward eifei'tN observed by dermatolo¬ 
gists, however, arc in great part due to the fact tliat they use 
too large doses. Edelman”^* recoiimicnds fairly large doses at 
first to supply the deficiency, then smaller doses to sustain the 
effect. 

Pedraszini®* obBer%’ed 5 cases of srlerodernta, in 4 of which 
the thyroid was small and atrophied, while in the other tlie 
thyroid was large and hard. Thyroid treatment gave gmsl 
re^ts in the two in which it was applied, cuniiiiencing witli 
small and progressive doses. Nunc of Uie jiatients presented 
signs of nervous changes suggesting atropliic origin, but every¬ 
thing confirmed the assumption of some connection lictwecn the 
cutaneous affection and the thyroid gland. 

Thyroid has been tried in lu/ms by a nuinlier of observers. 
Though the results were contradictory, the bulk of the evidcni-c 
indicates that it is worthy of more extensive trial. Owing to its 
influence on oxidation it enhances the nutrition of the skin and 
thus antagonizes the destructive process w'hile promoting that of 
repair. As full doses have to lie used during a proloii{]^l period, 
the patient should be carefully watched. Thyroid has lieen tried 
in leprosy, but the results were not encouraging, though the 
remedy was pushed as far as safety would allow. 

In a case of hypertrophic rosacea which has resisted all 
forms of treatment, Isadore Dyer, of New Orleans, used thyroid 
with, for local use, a salve containing resorcin 9j; rose water 
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St; lanolin ad Svj. After two months there'was decided 
improvement, the skin being soft and nomml to the touch and 
the color greatly improved. The patient was discharged cured 
after three months of thyroid medication. 

H^uophiua. —^The various preparations of thyroid gland 
are extremely valuable in this dyscrasia, due to a deficiency of 
fibrin ferment in the blood. As this body, according to my re¬ 
searches, is mainly composed of the adrenal product, the in¬ 
creased functional activity of the adrmals, provoked by thyroid 
preparations administered, increases the blood’s asset. The 
coagulation time in haemophilia may be brought down from over 
ten minutes to three or,four minutes in adults by S^grain doses 
of the desiccated thyroid three times daily after meals. This is 
equally effective when operations become necessary. 

Examples of the value of thyroid gland in a large propor¬ 
tion of cases of haemophilia (we might say aM, for the cases 
of recurrent haemorrhage in which it fails are doubtless due to 
other causes) are now numerous in literature. Combemale,”‘‘ 
for instance, cites the case of a woman who, for the preceding 
two years, had been suffering from haemorrhages from the larynx. 
She was covered with purpuric spots, her gums bleeding. She 
was extremely weak and exhausted. Treatment with thyroid 
tablets was commenced; in ten days very marked and evident 
improvement; there was no purpura, no bleeding from the gums. 
In ten more days she had perfectly normal menses; all other 
luemorrhages stopped. Scheffler** reported a case in which 
haemophilic epistaxis was absolutely unaffected by ordinary 
therapeutic agents, and the epistaxis became so persistent and 
exhausting that permanent blocking of the nasal fossa was neces¬ 
sary. Treatment by thyroid extract exerted an immediate and 
beneficial effect, and was followed by cure. In three days the 
violent and persistent epistaxis had practically stopped. In six 
days, about 8 grains (0.53 Qm.) of thyroid gland having been 
given daily, the purpuric eruption ceased. A marked case in 
which the patient had become extremely anaemic was also re¬ 
ported as recovered by Bugh,” under the use of 5-grain (0.33 
Gm.) doses three times daily. 
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The value of thyroid in tlie preparation of Innnophilic 
cases for aerioua operations is well illustrated by W. J. Taylor** 
in 3 cases. The coagulation time was reduced witii 3-grain 
(0.3 Gm.) doses three times daily from twelve minutes to three 
minutes, and the operations, including a nephrcH.‘tomy, proved 
drier if anything than if they had been performed in a non- 
honnophilic subject. The desiccated thyroid on the market, 
especially the standardized protluct, being stronger than that 
available in former years, 3 grains (0.13 Om.) three times daily 
need not be exceeded even in these cases. 

Surgical Disorders. —We have seen that in 1007 I pointed 
out that the thyroparathyroid secretion corresponded with what 
Sir A. E. Wright has termed opsonin. During the same year 
I urged that thyroid preparations, owing to their influence on 
o.tidation and their power to increase both the opsonins and the 
germicidal activity of the blood, were indicated in the early stage 
of tubercvlosis—mainly on account of the content of the tubercle 
bacillus in phosphorus, viz.: .5.’>.33 per cent, of its ashes—a fact 
sustained clinically. Recently, Frugoni found not only that 
thyroid gland markedly raised the opsonic index of tuberculous 
animals, but also the active germicidal power of their blood. 
That this should entail in the surgical field marked progress in 
the treatment of all conditions due to tiilierculosis is self-evident. 
In hip-joint disease and other iubernilar bone processes, for 
example thyroid is clearly indicated. 

Besides its powerful stimulating action on the defensive 
functions, thyroid gland, as shown by Parhon, Macallum, and 
otliers, hastens calcium metabolism. This accounts for its value 
in osteomyelitis and rhachitis. We have striking evidence of its 
efficiency in the treatment of deficient metabolic activity in 
osseous tissue in the rapid growth of the skeleton in cretinism 
brought about with its aid. This has suggested its use in delayed 
union in fractures —^where it is valuable only when more or less 
hypothyroidia exists—and accounts for its greater value for this 
pnrpoM in the young than in the adult, its therapeutic action in 
this class of cases growing less as age advances. 

Another indication for thyroid preparations, owing, how¬ 
ever, mainly to their influence on general oxidation and metidxH 
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llBm, is in hypothyroidia in "optnied 8ubjeet$, The presence 
of this condition, a larval and covert form of myzcedema in¬ 
dicated mainly by a tendency to obesiiy, cold hands and feet, 
dry skin, brittle hair perhaps, mental and physical torpor, 
rheumatic pains in the occiput and back usually treated un- 
availingly for rheumatism. Here deficient oxidation and 
metabolism entail a correspondingly deficient production of 
opsonin and other protective bodies. Such cases are readily 
i^ected, and their recovery after any operation, even sometimes 
after'a trivial one, is unusually slow. A preparatory course of 
thyroid gland transforms completely such a case into one in 
which the chances of a successful result are as good as in a 
normal individual. 

In febrile infectxons tlie thyroid gland is sometimes so 
active that it becomes enlarged and even quite painful. This is 
now recognized as a distinct effort to raise the protective process 
to adequate efficiency. In surgical diseases such as septicaemia 
and erysipelas, aid afforded to the gland by administering thyroid 
preparations has been found to curtail these diseases. It fulfills 
in a measure the rfile of antistreptococcic serum. This applies 
also to suppurative processes of all sorts due to general adynamia; 
the rapidity with which it produces beneficial effects in this 
class of disorders is sometimes striking. Thi§ applies also to 
suppurative processes situated in special organs, such as eye, ear, 
nose and throat, and the sinuses. 

When the purpose is to increase the germicidal and anti¬ 
toxic power of the blood, and also phagocytic activity, in any 
of the foregoing disorders, excepting pulmonary tuberculosis, 
the dose requir^ roust be somewhat larger, but not excewive. 
A condition similar to Wright’s negative phase in vaccine therapy 
is readily brought about by excessive doses. In the laboratory 
such doses decrease inst^ of increasing the resistance. of 
animals to infection. Again, as personal investigations have 
suggested, there is good ground for the belief that the so-called 
untoward effects observe under thyroid medication are closdy 
allied to anaphylaxis. Two grains of the desiccated gland in 
tablet form dowly increased to 3 grains, three times a. day, is 
the maximum that should be administered in the adult, and 
the patient should be carefully watched to forestall any undue 
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action of the remedy. The beet indication of any untoward 
(Ifect, we have aeen, ia the puke. Any considerable quickening 
.rr palpitation indicates that the remedy should be discontinued 
a few day^ then resumed in smaller doses. Aj^in, the prepara* 
tions on the market rary in strength. The above dose refers to 
Amour’s or Burroughs, Wellcome & Co.’8 desiccated gland, 
which is standardized two-tenths of 1 per cent, of organic iodine. 

In cancer, as will be shown in the second volume (see page 
1389), thyroid gland is valuable in inoperable cases and after 
extirpation to prevent recurrence. As I emphasized in 1907, 
however, its b^ effects in the treatment of the disease are 
obtained when X-rays or radium and saline solution are employed 
concomitantly. 

PARATHYROID ORGANOTHERAPY. 

The physiology of the parathyroids was reviewed in the 
third chapter. We saw therein tiiat the prevailing view was, 
that their secretion served to neutralize the toxic wastes which 
give rise to tetany, and that it influenced calcium metabolism. 
I defended therein Qley’s opinion, that it supplemented tho 
function of the thyroid gland, and, moreover, my ovn pre¬ 
viously advanced conclusion, that thus combined the thyro- 
parathyroid secretion increa^ the germicidal and antitoxic 
power of the blood by endowing the albuminous portion of the 
hemoglobin with sensitizing properties, and that, as such, it 
was the blood constituent Sir A. E. Wright had tcrme<l 
“opsonin.” Just what r61e the parathyroids fill in the dual 
process cannot at present be determined, but the fact that, 
as shown by Qley, tho proportion of iodine in them is much 
greater than in the.thyroid proper suggests that it supplies 
the most active component of the compound secretion, that 
part of it which ha« to do with the sensitizing or opsonic action. 
This ia due, we have seen, to tlie iodine itself, owing to the 
peculiar property it possesses of increasing the inflammability 
of phosphorus. 

Ermn the standpoint of organotherapy, it is this property 
that we must b^ in mind. We must look upon parathyroid 
glandules or adequate preparations of ttiesc organs as the 
essence so to say, of tte whole thyroid apparatus, in so far 

4T 
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as its antitoxic properties and its rdle in calcium metabolism 
are concerned. This agrees with the teachings of experimental 
evidence, particularly that afforded by Jeaudelizc/* whiclv have 
shown that the secretory product of the thyroid gland proper 
is more concerned with the processes of general nutrition ami 
development than with the auto-protective function. 

The manner in which the parathyroids affect the organism 
and the influence of parathyroid gland as a remedy seem to 
me best illustrated in the symptomatology and treatment of 
the first condition analyzed on the opposite page (741) under 
the title of ^‘hypoparathyroid tetany.” 

As to the preparations available, Berkeley*** claims that 
the only available glands arc those from the bullock, and these 
are hard to find anatomically—as I know from experience— 
and expensive: lie no longer uses the preparations obtainable 
on the market, and employs only glands obtained fresh at the 
abattoirs under his own supervision. He found that the gland 
could be administered cither as fresh gland, preserved gland 
or nucleopmteid solution. In the author’s words:— 

‘‘The freak gland is given in the simplest manner possible, 
minced and eaten in a bread-and-butter sandwich. The dose 
is from 5 to 8 glands per day. This method is, of course, avail¬ 
able only for patients living near a large abattoir where some¬ 
one has been taught how to find the material. 

“In the matter of preserring the gland, the essential thing 
is to get the tissue finely divided and in intimate contact with 
the preservative. The glands are trimmed with sterile instru¬ 
ments, dried between folds of sterile gauze, and rubbed up 
patiently in a mortar with an excess of milk-sugar and a small 
percentage of boric acid to a fine, dry powder. A trace of oil 
of peppermint is usually added. Prepared in this way, dis¬ 
pensed in capsules, and kept on ice, they keep from four to 
six weeks. The dose is .5 to 8 per day, each capsule corre¬ 
sponding to % a grain [0.033 Om.) of fresh gland. They are 
now for sale in several New York pharmacies. 

“The nudeoproteid (S. B. Beebe’s method) is extracted 
as follows: The glands are thoroughly triturated—a few at a 
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iime—^in a mortar with laboratory aaiul. The triturate is made 
distinctly alkaline with lithium carbonate Holution and ex¬ 
tracted with normal salt solution in excess. The process of 
extraction takes twenty-four hours. The container is fre¬ 
quently shaken, and between whiles placed on ice. The solu¬ 
tion is now filtered, and finally acidulated with a few drops of 
10 per cent, acetic acid. The nuclcoproteid settles to the bot¬ 
tom as a voluminous, flocculent, white precipitate. In two 
hours the overlying fluid, which is now clear, and contains no 
albumin at all, and only a little globulin, is decanted, and the 
precipitate is rcdissolved by adding a little more lithium car¬ 
bonate, till a slight alkaline reaction is again obtained. This 
concentrated solution may be diluted to any desiml strength. 
I usually dilute till the number of c.c. is c(|ual to the original 
number of fresh glands used. The dose of the preparation 
is about 20 drops [1.23 c.c.] per day. It is readily prewrved 
with a little chloroform or thyroid, and if kept on ice stays 
effective about half as long as glycerinated vaccine virus, -or 
diphtheria antitoxin. 'Fo make it suitable for hypodermic use, 
it should be more concentrated than as described above, care¬ 
fully standardized, run through a Chamberland filter, and put 
up in sealed tubes.” 

Proceeding with the consideration of the few disorders 
in which parathyroid has been used, it was deemed best to 
treat the first of these, hypoparathyroid tetany, in the same 
manner as other diseases of the ductless glands reviewed in 
the earlier chapters of this volume, owing to the important 
position this disorder now occupies in the clinical, and to the 
fact that it is scantily, if at all, treated in works on surgery. 

Hypopabathyroid Tetany. (Tetania parathyreopriva; 
Parathyroid Tetany; Hypoparathyrosis; C^achexia Parathyreo¬ 
priva; Status Parathyreoprivus or Ilypoparathyreoprivus.) 

Tetany due to hypoparathyroidia occura as a result of any 
condition which temporarily or permanently arrests the func¬ 
tions of the parathyroid glandules. The form most generally 
recognized at the present time is that variously known as tetania 
parathyreopriva, cachexia parathyreopriva, status parathyreo- 
piivus, which follows removal of the parathyroids along with 
the thyroid in goiter and other growths of this gland—a subject 
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already treated on page 174. The second form is due to organic 
lesion^ such as tuberculosis, interstitial haemorrhages, inflam¬ 
matory lesions during infections, etc., of the parathyroids suMi- 
cient to greatly impair their secretory activity. These organs 
being the source, with the thyroid, of one of the auto-defensi\i> 
constituents of the blood, as previously shown, their functioini] 
arrest allows those poisons—^toxic was^products in the present 
connection—^to accumulate in the blood and to provoke tetany 
and even, in very severe cases, the clonic convulsions of 
epilepsy.*^ In its general terms, therefore, hypoparathyroid 
tetany may be defined as follows:— 

Hypoparathyroid tetany i» a disorder due to impairment or 
arrest of the secretory activity of the parathyroids, characterized 
by more or less severe spasms or convulsions, the result in turn 
of accumulation in the blood of toxic waste-products, which it 
is one of the functions of the parathyroid secretion, as the opsonic 
constituent of thyroiodase, and along with other antitoxic con¬ 
stituents of the blood, to convert into benign, eliminable end- 
products. 

Symptokatolooy. Post-operative Parathyroid Tetany .— 
The symptomatology of this disorder may vary considerably in 
intensity and in the time and manner in whicli it appears. In 
most cases, however, the tetany begins by a sensation of stiffness 
around the mouth with twitching of the facial muscles and 
tingling or formication. This is soon followed by stiffening of 
the masseter muscles and fibrillary contractions or rigidity of 
the tongue—^which causes difficulty of speech and deglutition— 
and finally locking of the jaws, as in true tetanus. This is 
often accompanied by trembling of the eyelids. The thumbs 
and then the hands arc thrown backward, i.e., in marked 
extension, tlie fingers assuming either the claw-like or *'main en 
griffe^ diape, or, with two fingers, the index and medius, ex¬ 
tended, the "obstetric position.” There is at the same time 
flexure of the forearms, often complicated with more or less 
severe pains in the flexed muscles. The feet are also cramped, 
often in the equinovarus position, the pain being then located 
in the calves. In- severe cases opisthotonos may occur, the body 
being supported only on the head, shoulders, buttocks, and 


** Sm sp. 14IS ud 1437, Tol. II, tor tho poOiosaieoia of toUnr sad totOBSS. 



PARATHYROID TETANY. 


743 


],.'c1b. There is a feeling of intense ti^itness around the heart. 
'!'lie respiratory muscles, thoracic and pulmonary, being likewise 
lontracted spasmodically, respiration becomes difficult, sufii- 
t K'utly BO at times to provoke intense dyspncea and cyanosis. 
'I'liere may also be marked strabismus, dilatation of the pupils, 
nothing at* the mouth, and clonic moYements similar to those 
observed in true epilepsy. 

The pulse becomes rapid and weak and sometimes irregular 
.luring the attacks, and the temperature is raised. As e.\plained 
in the article on tetany in the second volume, the latter symptom 
is partly due to the presence of an excess of adrenoxidasc in the 
l)l(^ and the increased oxidation this entails—^thc adrenal 
center being stimulated by the toxic wa.stcs accumulated in the 
Idood—and partly to the rise of blood-pressure, which causes 
blood to be driven from'the deeper vessels to the periphery, anil 
then to congest the cutaneous capillaries. When marked this 
phenomenon also causes burning sensation over the entire bod\'. 

Tetany may occur almost any time after the operation, the 
period of- onset varying greatly. As a rule, however, the first 
signs occur the third or fourth day after the operation, the 
intervening period representing doubtless that during which the 
supply of thyroiodasc is being exhausted. The freijucney of the 
paroxysms also varies in different cases, from one to many a 
day, according in a measure to the diet and amount of exercise 
to which the patient is subjected. In some cases the para¬ 
thyroids are only injured during the operation, and their 
recovery ends the tetany. 

Non-operative Hypoparathyroid Tetany. —^I'hc symptoms of 
this condition do not vary from those just descrilicd, though 
they are less marked. In some cases, in fact, they hardly 
exceed in intensity those produced by strychnine in full thera¬ 
peutic doses, when the physiological limit of the drug has been 
reached. Here the parathyroids are able to carry on their 
functions only in part, the lesions produced in them by local 
disease, tuberculosis, interstitial haemorrhage, etc., having left 
perhaps one or more of the organs or a part of their parenchyma 
intact. The thyroiodase formed under these circumstances 
being deficient in the constituent which endows it with its anti¬ 
toxic properties, it allows the spasmogenic poisons to accumulate 
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in the blood very gradually, and in relatively small quantity a.' 
compared to that which invades the blood when all the para 
thyroids are destroyed by operation or disease. 

In these mild cases, the identity of the disorder present 
may be determined by various signs: Trousseau’s, tapping or 
pressure upon large nerve-trunks to elicit muscular contractions; 
Chvostek’s, the production of spasm of the facial muscles bv 
tapping over the facial nerve close to the parotid or over the 
muscle itself; Hoffmann’s, the percussion of sensory nerves to 
demonstrate hyperassthesia; Erb’s, hypencsthesia of the nerves 
under electric stimulation. All these phenomena are explained 
by the fact that, as previously urged (see also the articles on 
Tetany, page 1429, and Tetanus, page 1437, in the second 
volume), the spasmogenic toxic excites the vaso-moior center, 
producing thereby contraction of all vessels and driving the 
blood from the great deeper channels to the periphery. All 
peripheral muscles and nerves being rendered hypcrasmic, they 
become correspondingly sensitive to. irritation and stimulation. 

Careful differential diagnosis is necessary in these cases, 
since tetany is also produced, irres]K‘etivc of any parathyroid 
disorder (though the parathyroids may show active hyperplasia, 
as observed by MacCallum, in a fatal rase of gastric dilatation), 
by many other disorders: gastric and intestinal, pregnancy and 
lactation, uncmia, violent excitement and exertion, etc.—all 
conditions in which tlic blood becomes laden with toxic sub¬ 
stances. Infectious diseases are also prominent causes of tetany, 
but probably in part through tlic lesions of the parathyroids 
they sometimes produce. 

ThkatmENT.— Tetany should always be borne in mind when 
any operative measure involving the thyroid is to be resorted to, 
since post-operative tetany would never occur if the parathy¬ 
roids were always spared. Ueferring the reader to works on 
surgery for details, it may be mentioned here that every effort 
should be made to protect not only the parathyroids themselves 
by preserving the posterior capsule of the thyroid, upon which 
they lie, but also to so ligate the thyroid vessels with which they 
are connected as to provide for uninternipted circulation through 
them. I would suggest also tliat their l 3 nnphatic connections 
be 48 much as possible spared, since, as we have seen, the 
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parathyroid product reaches the venous circulation through 
their intermediaiy. 

Important in this connection also is the selection of the 
portion of'the thyroid that is to be removed. Kocher, according 
to Erdheim/* who generally removes the central part of the 
gland, has '^hardly ever had a loss from cachexia strumipriva or 
tetany.** Again, complete removal of the thyroid itself is never 
justified, and as large a portion of the organ as possible shouhl 
be left.to insure the continuation of the function it fulfills in 
conjunction with the parathyroids. If the pnrathynuds an> 
accidentally removed with the thyroid, which a careful exainina* 
tion of the extirpated organ should enable the surgeon to deter¬ 
mine, they sliould at once be dissected out and implanti'd into 
the cervical tissues, selecting as much as jiossiblc a region ri(‘ii 
in blood-vessels. 

In some cases, operated with due care, the pamtliyroids 
left in situ may be injuml, or suifor, ])crhaps, from shex^k. 
Under these conditions, mild tetanic symji^oms may wrur 
temporarily. In 500 thyroidectomies performed by von Kisels- 
ber^ in almut seven years, I."! showed Clivostek's sign, but it 
disappeared without treatment in a few days. In 10 iiisi's 
there was well-developed tetany, with one death, total removal 
of the parathyroids in the latter losing probable. 

W. H. Brown** rightly criticises the indifferent attitude of 
some surgeons concerning the importance of the parathyroids 
to the organism, and sustains his imsition by an extremely 
severe case of tetany, savctl only hy the inijilantation of the 
thyroid with its parathyroids obtained from a small monkey, 
and, one month later, of three parathyroids and a piece of 
thyroid the size of a small walnut, obtainetl one-half hour afti'r 
death from the body of a man who had ditxl of Bright’s disease 
and ursemia. These tissues placeil at once in normal saline 
solution at 32® F. (0® C.) were implanted successfully within an 
hour, the simian thyroid beneath the patient's stemo-msstoid, 
and the huioan thyroid and parathyroid Ijcneath her left rectus 
abdominis, under chloroform 8na*sthc8ia. Danielsen** also 
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traiuplanted human parathyroids in a critical case with « suc- 
cessM result^ and mentions 3 recorded cases. 

An essential feature of parathyroid implantation is that 
the improvement may prove temporary only, i.e., untit, probably, 
the secretion the organ happens to contain is exhausted. This 
may last a couple of weeks and the symptoms return. It is only 
when the implanted organ assumes its normal functions in 9itu 
that cure occurs if the secretion produced is sufficient. Halsted’s** 
valuable researches on the subject should be read by all operators 
In this class of cases. 

That the oral use of parathyroid gland is of value in para¬ 
thyroid tetany has been shown by MacCallum, Vassale, and 
others, though the first-named observer found that large quan¬ 
tities were necessary. Berkeley refers to other well-known 
observers, James, I^tnam, and Halsted, as having obtained 
favorable results. In 2 cases recently reported by Bircher,*^ 
thyroid gland had first been tried, but without effect; para¬ 
thyroid, however, caused prompt recovery. 

An emulsion of fresh parathyroids may be given subcu¬ 
taneously. Branham** reported a case thus treated succeesfully.' 
Five fresh beef parathyroids were placed in a 1:1000 solution 
of bichloride of mercury and allowed to soak about ten minutes. 
The glands were cut, under strict asepsis, into 5 pieces under 
physiological salt solution. These pieces were placed in a 
mortar and ground into a homogeneous mass, 400 c.c. of sterile 
salt solution being poured into the mortar. This was then 
filtered through a sterile gauze and given as salt transfusion 
into the patient’s breast. The oral use of thyroid and parap 
thyroid extracts and the feeding of raw parathyroids had proved 
entirely useless. The recovery in this case, however, seems to 
me to be due to the fact that only one parathyroid was totally 
removed, and the three others only partly so, the remaining 
segments having eventually resum^ their secretory activity. 
The injected emulsion tiras acted as a palliative pending the 
functional recovery of what had been left of the organs. In 
Brown’s case in which the parathyroids were removed, the 
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Itenefit obtained from tlie emulsion lasted eleven days, and was 
then followed by violent tetany. Birclter’s*' 2 cases, also 
treated sucoessfully with thyroid tablets, were probably of the 
same kind. Eochei*** obtained recoveries *'by energetically push¬ 
ing the thyroid extract and iodothyrin in large doses.” Biedl*** 
urges that it should always be tried. 

On the. whole, what evidence there is tends to show that 
implantation of fresh glands should alone be depended on for a 
cure when the parathyroids have been destroycil. 

Calcium lactate has been found efficacious by MacCallum 
and Voegtlin^** and others. It may be given in lO-grain (O.tiG 
Gm.) doses every hour or two, or in larger doses in saline solu¬ 
tion per rectum, or in emergency cases, intravenously, 4 grammes 
(1 drwdim) being given in 100 c.c. (25 drachms) of salt solution, 
as recommended by Wintemitz,^^ in a case of non-operative 
tetany. In Brown’s case, however, calcium lactate, given orally, 
prov^ useless, as did all organic agents, including parathyroids, 
large injections of normal saline solution are use»i by Gome/-”* 
and copious hypodermoclysis by Chvostek^"* with washing of 
the stomach, stopping food for a couple of days. 

The diet should receive considerable attention, and all 
substances rich in nucleins, including meats, should be strictly 
avoided, to reduce to a minimum the! formation of spasmogenic 
wastes. A milk diet, farinaceous foods, and the frjHs use of 
water, to facilitate the elimination of what toxic wastes are 
formed are most useful in this connection. Kxercise of any 
kind is also harmful, owing to the fonnation of muscular wastes 
that it entails. Best in bed, or in an armchair, tends greatly 
to reduce the number and severity of the spasms. 

Pabalysis Aoitanb. —This Is a particularly interesting 
syndrome from the standpoint of physiology, for it clearly 
sustains the view that the thyroid and parathyroijls are func¬ 
tionally united. Indeed, while Mobius, in 1883, found paral¬ 
ysis agitans associated with exophthalmic goiter, Imndborg, in 
1891, met it in connection with myxoedema, the autopsy show- 
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ing atrophy of the thyroid. T^eae facta led both Hdbioa and 
Lnndboig to connect the diaeaae with the thyroid gland. 

Yariona other phenomena, anch aa chronic rheumatiam, 
arthritia,. acleroderma, a brawny, or ydlow-brown, pigmenta¬ 
tion, hypothermia, etc., met with in caaea of hypothyroidia, 
are alao obeerred in paralyaia agitana. In a caae of mine the 
maak-like face of the latter diaeaae recalled clearly that of an 
incipient caae of myxoedema; Fraenkel had ajready ohaerved 
inyxoedematoua areaa. Parhon and Golatein” found in the 
thyroid proper of a woman who had died of paralyaia agitana 
what they term ''manifeat macroacopical and microacopical 
leaiona”; CaatelvP* found marked atrophic leaiona in the 
thyroid gland in two inatancea, though Paaquier found none. 

Converaely, many caaea of paralyaia agitaila may anffer 
from the aenaationa of heat with cutaneoua riae of temperature, 
and the abundant aweating commonly ohaerved in exophthalmic 
goiter. The moat anggeative caae in thia connection, however, 
ia one reported by A. Gordon,^* in which the characteriatic 
attitude of paralyaia agitana, the atiffneaa and fixation, the 
mack face and absence df exprcaaion, the propulaive movement 
and the tremor, coincided with goiter, aome degree of exoph- 
tbalmua, tachycardia, dyspnfsa, and Graefe’s aign of exoph¬ 
thalmic goiter. 

There ia ground, therefore, for the hypotheaia that the 
geneaia of paralyaia agitana ia in aome way related to the thy¬ 
roid apparatus. Yet. a suggestive feature of the problem is, 
that thynid preparations are useless in these cases, as many 
observers, including myself, have ascertained. Again, the fact 
that, while the main phenomena of exophthalmic goiter are 
distinguiahable in certain caaei^ in others those of myxoedema 
occur, serves further to obscure the problem. Moreover, while B. 
L. Thompson” examined fruitlessly the parathyroid of 9 cases in 
which death had been due to paralysis agitana for lesions, others, 
including Berkeley” and Allen J. Smith, referred to in paper 
by Camp,** found lesions in these glandules. Indeed, Lund- 
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|)org** aaggested, in 1904, that paralysis agitans was specifically 
the syndrome of hyperparathyroidia, a view to which Berkeley** 
was also led independently, in so far as disease of the pacatlty* 
roids ia concerned. 

That the latter view is based on good ground is suggested 
by the fact, that, white, as stated above, thyroid preparations 
an useless'in paralysis agitans, active preparations of para¬ 
thyroid favorably influence the disease. Moreover, their 
favorable action harmonizes with two established facts: that 
the parathyroids produce a powerful antitoxic sulmtance, and 
that the pathogenic clement of the disease is a long-reeognize<l 
toxamia. That symptoms of exophthalmic goiter and of inyx- 
(cdema occur, docs not weaken this position if the thyroid and 
parathyroids are united functionally. Jfor does the pwsenee 
of these two antagonistic disorders militate against the para¬ 
thyroid theory, since W'c have seen that exophthalmic goiter 
lapses, if the patient lives long enough, into a myxmdematous 
state. Nor need we even deem Thompson's failure to find 
lesions in the parathyroids as defeating tlic Lundborg-Berkelcy 
theory, for the functions of the parathyroids may be inhibited 
precisely as arc those of the adrenals and thyroid, by lesions 
along the paths of the nerves through which their functions 
are governed. Hence the cases on reconl in which the causa¬ 
tive lesion was found in various parts of the cerebrospinal 


system. 

Suggestive also is the beneficial action of parathyroid. 
Berkeley** first employed commercial preparations; while gootl 
results were obtained in some instances, they often proved un¬ 
reliable. He then used properly identifiwl gland rubb«l up 
fresh with milk-sugar into a dry powder, but found this also 
unstable. Subsequently he used the nuclcoprotcid solution r^ 
ferred to under the preceding heading as prepared by Beebe’s 
method, and preservwl with a few drops in the Imttom of the 
container. This raised the therapeutic value of the product, 
but it was found to precipitate readily, and that it failed to 
bear prolonged transportation. His latest process is t*»e fol¬ 
lowing: The nucleoproteid extraction process fBeebe’s method) 
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is adhered to generally, hut all the preliminary steps are' hur¬ 
ried, and the precipitated nucleoproteid is not redissolred, hui 
quickly dried in a draught of cold air; so that within eight 
or ten hours after the warm glands leave the bullock a minute 
amount of smooth yellow powder is obtained which stands 
physiologic tests admirably, is stable, easily handled, and does 
not require a freezing temperature (though for safety's sake 
it is recommended to keep it on ice). The powder is rubbed 
up with milk-sugar as a menstruum, and is placed in sealed 
containers. 

A large proportion of the patients slowly respond to the 
treatment, though in about 2B per cent, the response is only 
temporary and imperfect. The rest showed progressive benefit 
during the entire period of treatment. The dose of nucleo* 
prbteid, as previously stated, is about 20 drops (1.23 c.c.) per 
day, while that of the glandules proper is 5 to 8 per day. The 
preserved gland is also given in capsules containing each the 
equivalent of % grain (0.033 Gm.) of fresh gland, 5 to 7 of 
these being given daily. Parhon and Urechia** and Delille,** 
and others, have also reported considerable improvement, though 
the rigidity did not seem to be infinenced. 


ADRENAL OPOTHERAPY. 


The now discredited view that adrenal preparations cause a 
rise of blood-pressure, besides increasing the vascular tone has 
greatly limited the intelligent use of these agents, though their 
empirical employment has somewhat omnpensated for this, and 
clinical applications have thus been discovered which the limited 
field of laboratory experimentation would never have brought 
to li^ht. As we have seen, however, the adrenals are endowed 
with far more important functions, from my viewpoint: (1) 
their secretion takes up the oxygen of the air in tiie pulmonazy 
alveoli and carries this gas to the tissue as constituent of the 
hnmoglobin; (2) it sustains, as sudi, oxidation, i.s., metabolism, 
of the tissues (the latter having been sensitiaed tot this purpose 
we have seen, by the thyroiodase). 
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Wliik tiiu conception Bustaine the present interpretation, it 
iicoonnts for clinical phenomena which had not previonsly been 
exjdained, witnessed in the use of adrenal preparations. It shows, 
we have sera, that the rise of temperature noted by- Mord, 
Lupine and the concomitant rise of temperature and- increased 
nietaholiem noted by Oliver and Schafer are due to increased 
oxidation. It accounts also for the rise of blood-pressure after 
prolonged use or very lai^ doses, since incieasctl metabolic 
activity—excited directly by the adrenal principle besides that 
due to gmieral oxidation—of the muscular coats of vessels causes 
contraction and elevation of the blood-pressure. The increased 
power of the h«ui; is the obvious outcome of increased meta¬ 
bolism in the myocardium, precisely as it is in the vascular 
muscles, while the slowing of its action is due to the greater 
diastolm expansion that attends increased functional vigor. 

The preparation most used is tlic giandula attjtrwretuUea 
sicca, or dried adrenal gland, of the IT. S. P. It is best given in 
capsules in doses of from 2 to 4 grains (0.13 to 0.26 Qm.). 

Adrenalin, except in 15-minim (1 Om.) doses (Jusu4,1917) 
is unreliable given orally, being often oxidized in the stomach 
and intestines, and rendered inert. It is absorbed from the colon. 

Adrenalin may be injected subcutaneously in 10- to 20- 
minim (0.62 to 1.23 C.C.) doses in small (1 to 2 draclinu—t to 
8 Gm.) or large (1 to 2 pints—500 to 1000 Uin.) quantities of 
warm saline solution, the smaller quantity of tlic latter being 
preferable when repeated doses are neccssarj', absorjitinn lasing 
very slow. It causes pain and, sometimes, general pallor when 
the injections are repeated, owing to contraction of the arte- 
rioled. The addition of 0.01 gram (’/, gr.) of novix-ainc to tlie 
solution prevents the pain. Injections are contraindicated in 
infants and (»rdiac disorders. 

When prompt results must be obtained, os in the treatment 
of shock, c^iac failure, etc., tlie intravenous metliod is prefer¬ 
able, injecting slowly 10 to 20 drops (0.62 to 1.23 c.c.) in a 
pint or quart of hot (108* F.—42® C.) saline solution. Or, 6 to 
10 minims (0.3 to 0.6 Gm.) in 2 drachms (8 Gm.) of saline 
solution may be injected drop by drop into a vein, using a 
hypodermic syringe in an emergency. 
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The local application of an adrenal principle, adrenalin, 
epinephrin, etc., causes such marked contraction of the vessel!; 
tW their lumina, when applied over small vessels, may become 
obliterated, thus arresting totally the flow of blood. The tissues 
become very pale, therefore, and even blanched, owing to the 
active metabolic activity set up in the vascular walls, and 
particularly their muscular elements. 

The disorders in which adrenal preparations are indicated 
are numerous; but the majority of those in which they are of 
greatest value have already been considered, viz., Additon’s 
disease (page 9?) and terminal hypoadrenia (page 109), which 
in itself includes practically all febrile infections. A few others, 
however, may bo considered here. 

SuBQiCAL Disbaseb. —^Laboratory and clinical experience 
tend increasingly to show that man is more susceptible, to the 
action of adrenalin than animals. While a subcutaneous injec¬ 
tion of 1 drachm (4 c.c.) of a 1:1000 solution will hardly affect 
a rabbit, one-third of that quantity has produced untoward 
effects in normal as well as in taberculous subjects (Souques and 
Morel), e.p.,' vertigo, nausea, vomiting, severe pain under the 
sternum similar to that of an^na pectoris, and a feeling of 
* constriction about the chest, a rapid pulse, dyspnoea, cold sweats, 
and coldness of the extremities. Hypodermic doses of Viso 
grain (0.00066 Qm.), however, are well Iwme. Intoxication 
may follow the use of adrenalin when injected into cavities such 
as the vagina, tlie rectum, the urethra, when the mucous mem¬ 
brane is abraded, lacerated, or denuded, thus rendering its 
absorption possible. The urethra seems to be particularly sensi¬ 
tive in this connection, the passage of bougies for stricture 
having caused poisoning in a number of cases. According to 
Bnun,** the toxicity of epinephrin or other adrenal principles 
varies with the individual, but, in all, the danger lies in the use 
of concentrated solutions. He employs a solution of 0.64 Gm. 
(10 grains) of suprarenin borate in 100 c.c. (26 drachms) of 
0.5 per cent, novocaine made up fresh from tablets for each 
operation; 125 c.c. (31 drachma) of this solution con be used 
without danger. 
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lAcal applications may also be followed by untoward effects 
in the tissues to which adrenalin solutions are applied. Repeated 
applications, especially with the atomizer, of anything but weak 
sdutions (1:10,000) to the nasal cavities or pliaiynx may give 
rise to cedema of the nasal mucosa, the uvula, tonsils, or piliara 
of the fauces. This is ucribed by most writers to ‘Violent 
vasomotor constriction of the blood-vessels” and the resulting 
"venous stagnation,” but it is in reality a secondary reault of 
these effects, \.9., paresis of the arterioles and (edema of the 
tissues. In some instances they cause persistent sneezing and 
acute coryza accompanied at times by severe pain in the upper 
portion of the nasal cavities. Some cases have Iwcn reporlwl in 
which even sloughing and gangrene of the mucosa cx^curred. 
Elderly subjects are prone to this complication, according to 
Nengebauer. Post-operative hicniorrhagcs arc not infrc(]uently 
noticed after the use of adrenalin, owing to relaxation of the 
severed vessels. In ilio larynx, adrenalin solutions cause an 
uncomfortable dryness by interfering with the formation of 
lubricating mucus. This is es{)ecially distressing to singers. In 
the eye their use in scleritis and other disonlcrs may be followed 
by severe iritis. Instillations of a 1:1000 solution in tlic Eusta¬ 
chian tubes have given rise to violent ])ain in the middle ear, 
which was renewed whenever the remedy was thus administered. 
The use of adrenalin solutions in the fonn of spray, at least, is 
contraindicated in infections, owing to the danger of facilitating 
the entrance of pathogenic germs into the sinuses. 

The toxic effects produced, however, are readily accounted 
for by the functions in oxidation, metabolism, and nutrition I 
attribute to the adrenal secretion. Tracing the course of events 
from start to finish, wo have at first the effects of excessive 
metabolism in all tissues: in the cerebro-spinal system, excite¬ 
ment; in the muscles, tremor; in the kidneys, polyuria; in the 
myocardium, violent contractions (palpitations); in the muscular 
■coats of the vas(mlar system, a marked rise of the blood-pressure. 
The latter in turn aggravates the process by causing congestion 
and engorgement of tlie capillaries (which arc not, like the 
arteries, provided with a muscular coat) of all organs, including 
the lungs, causing oedema of these structures and dyspnoea. As 
the contraction of the arteries proceeds, the aorta has to bear the 
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brant of the omteifagal preesnxe, .giving rise to marked snb- 
sternal pain. When it becomes such that the arterioles obstruct 
.the circulation the lethal phenomena are initiated: the pul¬ 
monary circulation being impeded^ oxygenation fails to occur; 
asphyxia follows, and, the myocardium receiving too little blood 
to sustain its contractile power, the heart, already hampered by 
the pulmonary congestion, ceases to beat. 

After local applications the morbid effects are all the result 
of the action of the adrenal principle upon the vessels. The 
dryness caiised by solutions sprayed into the larynx is due to 
deficiency of blood supplied to the acini and the resulting inhibi¬ 
tion of their function. If this is kept up by repeated applica¬ 
tions, the tissues, no longer nourished, may slough off, as has 
been noticed in the upper respiratory tract of aged subjects. 
The oedema observed in this location is not active, as it is in the 
lungs, but pamive, t.e., due to exaggerated relaxation of the 
vessels after the intense constriction to which the drag had sub¬ 
jected them. This applies equally well to post-operative h«mor- 
rhage, and to the severe pain (due to passive congestion) in the 
middle ear after instillations in the Eustachian orifice. 

Shock and Collapte.—The familiar infiuence of adrenal 
preparations on the blood-pressure and the rdlo in* tissue 
oxygenation 1 ascribe to them afford a self-evident explana¬ 
tion of the excellent action they have shown in the treatment 
of this condition, since they meet at once the two main morbid 
factors: low cardio-vascular tension and depression of the vital 
process. The latter effect is shown by the increase of body heat 
noted by Beidiert, lApine, Morel, and others. 

Kimiaman, in a comprehensive study of the temperature- 
relationship to shock, concluded that as sliock increased ■ in 
severity the most uniform and progressive factor was the 
fall in temperature. He states that **in one series [of cases] 
the fall in temperature was the sole cause of shocL*? The 
results of Crile with adrenalin in salt solution given very dowly 
and gradually for a considerable time thus find a normal ex¬ 
planation in my interpretation of the r&le of the adrenal 
secretion. He resuscitated animals in this manner—with 
simultaneous artificial respiration—^fifteen minutes after all 
signs of life had ceased, and was able to keep a decapitated 
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(log aliYe over ten hoim by this eame procedure. That it was 
I>ecaa8e the adrenal secretion is able to incite and sustain tissue 
meta b ol i sm, t.s., the vital process itself, tliat such results were 
obtained seems obvious. 

This applies not only to shock, but also to swgical A«w<- 
failure, oatapaa from haemorrhage, asphyxia, and submersion. 
The adrenal principle (suprarenalin, adrenalin, etc.) promotes 
energetically, as a catalyzer and constituent of the hasmo- 
^obin, the intake of oxy^n and its utilization by the tissue- 
cells, including the muscular elements of the oardio-vascular 
system, and thus causes them to resume their vital activity. 
It idiould be very slowly administerctl intravenously, r> minims 
(0.31 e.c.) of the 1000-solution to the pint of warm (105* F. 
—40.5" C.) saline solution. In urgent cases, 10 drops (0.63 
c.c.) of supracspsulin or adrenalin in 1 drachm of saline solu¬ 
tion can be used instead, and repeated at intervals until the 
heart responds. Artificial respiration hastens its effects. 

The same remarks apply to the untoward effects of chloro- 
fonn, which are also due to circulatory failure, with partial 
suspension of the vital process in the tissue-cells. Here a rela¬ 
tively large dose must be used, 30 minims (3 Um.) of epi- 
nephrin, supncapsulin, or adrenalin in a pint of warm (108* 
F.—43.5* C.) saline solution intravenously. If injected very 
gradually it will excite the rardiac muscle by a direct action 
upon it before reaching the lungs, and cause it to resume its 
contractions. Kothe** has used this method successfully in 5 
'Cases of cardiac failure following spinal anaesthesia. Too rapid 
injection causes cramp of the cardiac muscle and holds it in 
cryatole. DupontP** found that Vim gnin (0.0005 Gm.) in 1 
innt (5.00 Gm.) saline solution very effective in shock. 

The simultaneous use of Vmo (0.00066 Gm.) of 

atropine^ hypodermically, aids materially the resuscitaUon by 
cahsing the auricles to resume their functional tone, and thus 
to re-establish the vis-a-teryo motion of tlie blood in the capil¬ 
lary qrstem. The physical methods, rhythmical traction of the 
tmigne, suspensioU, etc., must, of course, not be n^ected. 

• ff(Bmorrhaffe.—Jn haemorrhage from the pharyngeal. 


•^Pwpoot: Ai3. 


• d«r Oaamwut, p. M. UST. 
a* Btd. at da pSam. miliL, Ixiv, SO, IMi. 



766 


APBBNAL OPOTHBRAFT. ILBMORRHAOJt. 


oeeophageal, gastric, or intestinal mucous membrane, the mas¬ 
tication of adrenal substance, or the use of powdered adrenal 
substance in S-grain (0.33 Gm.) capsules, arrests the flow, by 
causing active metabolism in the muscular elements of tlie 
arterioles of the mucosa and constriction of these vessels—^the 
characteristic local action of the adrenal principle.. 

Its use in intestinal hoemorrhage was studied with consid¬ 
erable care recently by C. J. Wiggers.*' His conclusions were 
as follows: 1. Large doses of adrenalin (0.05 to 0.1 mg.) cause 
a short preliminary increase in hoemorrhage, followed quickly 
by a decrease or cessation of bleeding. On account of the great 
preliminary loss of blood they are always contraindicated. 2. 
Small doses of adrenalin (0.01 to 0.035 mg.) cause little or no 
preliminary increase, but shorten the course of hoemorrhage. 
As they save the red blood-cells in every way they, are thera¬ 
peutically desirable. 3. The method of introducing adrenalin 
determines the effect of blood-prcmure and hoemorrhage. No 
results are obtained by subcutaneous administration. By con¬ 
tinuous intravenous injection of weak solutions a slight eleva¬ 
tion of pressure can be maintained and haemorrhage simultane¬ 
ously checked.- This can also be accomplished by intramuscular 
^ injection. 4. Adrenalin is not indicated in. all intestinal 
hemorrhages. The condition of the blood-pressure is the 
criterion for its use. In hsemorrhages of short duration when 
the pressure has not fallen to any extent, a judicious uw of 
nitrites proves of more benefit than adrenalin. When the 
bleeding has been profuse, however, and a low pressure already 
exists, it becomes vital that haemorrhage should be checked 
without further reduction of pr^ure. Adrenalin finds its 
UM in this field. 6. The nse of adrenalin should always be 
closely followed by blood-pr«isure observations. A dose sure 
to be below the safety limit should first be tried, and the 
pressure carefully estimated. If no rise occurs, gradually in¬ 
creasing doses may be injected until a slight elevation of pres¬ 
sure is present. 

Toxaxiab. —^It was noted long ago by Abelous and latn- 
glois, Charrin, Oppenheim, and others, that adrenal extracts 
antagonised certain toxins and otlier poisons. This is due to the 
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parUcipatioD of the adrenals in general immunity which I 
pointed out as far bade as 1903, the specific action carried on by 
their secretion being that of amboceptor. Qoldsieher*** noted a 
marked diminution of adrenalin in the adrenals of subjects in 
which death had been due to an infection.: pneumonia, puerperal 
meningitis, etc., thus allowing that in all such processes there is 
abnonnid activity of the organs, i.e., an extraordinary output of 
adrenal secretion. Many clinicians are now using adrenal pre|Hi- 
rations to compensate for this loss. (See Terminal llypoadrenia, 
page 109). 

Cakceh. —In both rats and mice, carcinomatous and sar¬ 
comatous neoplasms have been caused to disapiicar by injtM'tioiis 
of adrenin, while they also prevented the growth of cancerous 
grafts. Beicher*”** tried the same treatment in man. A sarcoma 
was reduced to one-third of its size, which third with the aid of 
X-rays and the high-frequency current was caused to disappear. 
Malignant lymphomata and a case of mclanosarcoina were also 
favorably influenced. Injections of adrenalin around a tongue 
cancer also proved beneficial.**® *** 

In personal inoperable cases adrenal gland seeinetl to prolong 
life by delaying the cachexia, especially when given with iron. 
Suggestive in this connection is that, in Beicher’s wonls: ‘*It 
is remarkable that during the treatments the palicnts increased 
much in weight—up to 14'pounds. There must be a constant 
anomaly of metahoUsni somewhere.'* I may rer'all in this con¬ 
nection that eight years earlier I liad pointerl out that the 
function of the adrenal secretion was to take up the oxygen of 
the air in the lungs and to sustain tissue oxidation, metabolism, 
and* nutrition—^thus accounting for the gain in weight Beichcr 
noted. Bitchie*** recently reported the disappearance of a skin 
carcinoma under local applications of the 1:1000 solution of 
adrenin. 

The desensitizing action of adrenalin by cataphoresia has 
'been found by Beicher and Lenz**‘ to permit the use of nearly 
double the dose of X-rays. 
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Cabdiao Disobders. —Kothe,*** Botiuchild/* Crile^** and 
others hare obtained prompt recovery (after all other means 
had failed in Eothe’s cases) in surgical heart-failure from in¬ 
travenous* injection of adrenalin in saline solution. Man- 
kowsky,** Bates,** Floersheim,** Deek^** and Boy-Teissier** 
have urged the value of adrenal preparations in cardiac dis¬ 
orders accompanied by weakness, particularly when there is 
dilatation, cyanosis, or oedema. Voight*** found 10 to 15 minims 
of adrenalin 1:1000 solution and 6-grain tablets of the gland 
valuable in cardiac dropsy and cardiac dyspnea. 

In 1853 Brown-S4quard** found that the venous blood of 
the venas cavse contained some substance which contributed 
to the contractions of tlie heart. A contemporary promptly 
relegated this experimental fact to oblivion, by allowing that 
carbonic acid, the only excitant credited to venous blood, failed 
to cause an exposed heart to contract. Had it not been for 
this misdirected experiment it is more than likely that Brown- 
S5quard, over fifty years before Oliver and Chafer, would 
have discovered tha^ in Schafer’s words,** the adrenal ex¬ 
tract produced *‘a powerful physiolo^cal action upon the 
muscular system in general, but specially upon the muscular 
walls of the blood-vessels, and the muscular wall of the heart.” 
He would then, moreover, have reached the obvious conclusion 
to which I was subsequently led, that, inasmuch as the adrenal 
secretion passed by way of the adrenal veins to the inferior 
vena cava, it was inevitably carried to the right heart in the 
blood of this great channel, and that it was the adrenal secre¬ 
tion, therefore, which helped the heart to contract 

This explains tlie beneficial effects of adrenal prq)aration8 
in adynamic heart disorders. Their active principle via the 
Venn caves excites 'dtVecfl|r the muscular elements of the right 
heart Besides this, however, the entire cardiac muscle 
is also, from my viewpoint, excited indirectiy. *The adrenal 
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Active principle being carried by the venous blood from the 
heart to the pulmonary air-cells, it is added to that already 
in the blood, and becomes converted into the albuminous con¬ 
stituent of hemoglolnn, which, as we have seen, sustains oxi¬ 
dation. In this form it returns from the lungs to the left 
ventricle^ with the arterial blood it has enriched, to be dis¬ 
tributed to the body at large. When we reoAll that the first 
arteries given off the aorta are the coronaries, whoso 
branches supply the heart muscle proper, it \wcnnw» evident 
that the entire heart is the first to receive blood freshly laden 
with oxygen. On the whole, the adrenal secretion itself con¬ 
tributes to the heart’s working power in two ways; (1) by 
enhancing directly the contractile power of its right ventricle, 
and (2) by sustaining oxidation and metabolism of the entire 


cardiac muscle. .. • / i. 

Emphasis must be laid upon an important practical fact 

in this connection, namely: that the obvious purpose of the 
direct aid the right ventricle receives from the adrenal secre¬ 
tion is to assist the walls of this ventricle in projecting the 
venous blood into the lungs. This explains the rapidity with 
which cardiac dyspniea is relieved by adrenal preparations; 
they not only restore to the right ventricle its power to drive 
the venous blood adeipiatidy to the air-eells, but they supply 
it with the pabulum which enables it to alisorb from the air 
enough oxygen to restore the general respiratory eiiuilibrium. 
The increased metabolic activity in the vascular muscles lieing 
also enhanced, passive oedema is also caused to disappear, while 
the dilated heart tends to resume its normal dimensions. 

Whether given orally, hypodermically, or intravenously, 
therefore, adrenal gland, through the agency of what artive 
principle it happens to contain, enhances the rentractile po^ 
of the heart. Mankowsky- found that its efliciency was b^ 
shown in cardiac weakness and threatening collaps^ and all 
evidence available points in the same direction. Floersheim 
rtates that when powdered adrenal is pla^ on the 
with saliva and masticated thoroughly, its effects appear 
ten seconds. At other times it takes ten minutes to regulate a 
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weak, irregular pulM, but the usual . time has been between two 
and three minutes. 

The dried gland iA daily doses of 1^ to 3 grains (0.1 to 
0.2 Gm.) is used in Europe. Whether our preparations are 
weaker or not I cannot tdl, but the fact remains that such doses 
have not {woven active in my practice, 2 grains (0.13 Om.) 
three times daily, when a go(^ prejMuration is available, being 
necessary to obtain appreciable effects^ {.«., such effects as can 
readily, and with more accuracy, be obtained with digitalis. 
Kothe*^ injects 20 drops (1.23 c.c.) of the 1:1000 solution of 
adrenalin in 1 quart of saline solution intravenously. John*" 
injects slowly, in the same manner, 3 to 16 minims (0.18 to 
0.92 C.C.) of adrenalin in 1^ drachms (5.55 c.c.) of saline 
solution. It has been used subcutaneously in 15 (0.92 c.c.) or 
more minims in to 1 pint (250 to 600 Gm.) several times 
daily if necessary by Jo8u5 and others. Netter gives 10 to 20 
dro{» (0.62 to 1.23 c.c.) or more by the mouth, but also sub¬ 
cutaneously in saline solution, when larger doses are required. 

During the war, Peabody*"* found adrenalin very hdpful 
in the treatment of the irritable heart of soldiers. He injected 
0.6 cx. (8 minims) of tlie 1 : 1000 solution. He also observed an 
increase in the depth of respiration and a rise of blood-pressure. 

The indications of adrenal preparations are, as stated, those 
in which weakness of tlie myocardium exists, though I would 
fear their use when degeneration is present, owing to the marked 
inmease of vascular tension they cause, and the greater resistance 
thus im{)osed upon the heart Their value is manifest where 
marked and tlireatening cardio-vascular adynamia exists, and in 
cardiac collapse in the course of infections, which is due, as I 
have shown under ‘‘terminal hypoadrenia,’* to arrest of adrenal 
functions. In sudi cases, especially where urgency prevails, 
adrmial medication prom{>tly restores the arterial tension; the 
cardiac beats become more ample and regular, and the—^{lerhaps 
suspended—^pulse resumes its normal strength and riiythm. 

In the treatment of valvular and other cardiac disorders, 
digitalis is more reliable, and it can be adjusted to the needs 
of each case with greater precision. 


•* KoOi«: Tharapto te OaiaBirait, p. M, UNB. 
wjoha: MBaeli. in«a. W^.. p. iM. IMP. 

PMbodr: Jour. Auer. HaS. Aaaae.. Ixxl, p. lUA IMS. 



AbMNAL ORQAMOTUKftAPV. 


Rbspuutort Dibobdsss. —^We We seen that adrenal nrap- 
arationa enhance the vigor of tlie cardio-vaacular contraction. 
The asthma often met with in elderly people is time promptly 
relieved by these agents. This applies also to true asthma, as 
first shown by 8. Solia-Cohen.** This result is explained, from 
my viewpoint, not only by the increased oxygen intake and the 
improved tissue oxidation just mentioned, hut also by the more 
perfect hydrolysis of the toxic wastes to which the spasm of the 
bronchial muscles, and therefore the astlimatic paroxysms, are 
due. This introduces, however, an important feature of the 
problem, to wit, the participation of the whole organism in the 
improved oxygenation. 

The prompt arrest of a paroxysm of asthma by the hypo¬ 
dermic injection of 5 to 10 drops (0.31 to 0.03 c.c.) of the 
1:1000 solution of adrenalin chloride, first recommended by 
Kaplan, has been termed "inexplicable” and "marvelous”; but 
if the adrenal principle is considered as the active factor in 
general oxidation, and it is r«!alled that, according to Takamine, 
one two-hundred-thousandth of a grain (0.00000033 Qm.) of 
adrenalin (and this applies as well to other adrenal principles, 
such as suprarenalin, epinephrin, etc.) suffices, to awaken 
physiological action, one can readily understand why many 
times this dose will produce tJierapeutic effects. Especially does 
this assert itself when we take into account a fact I have long 
urged, to wit, that we must look upon the active principle of the 
adrenal secretion not merely as a rtHlucing agent, but as a 
catalyzer which, though remaining itself stable, can take up 
oxygen and transfer it with extreme rapidity, and in relatively 
enormous quantities, to the hsmoglobin, and from this com¬ 
pound to the tissue-cells. The adrenal active principle has not 
only been found in the red corpuscles by Mulon, as we have seen, 
but its catalytic action, first pointed out by Pochl, meets precisely 
the conditions deemed necessary by Moritx Traube, in 1858, to 
explain the massing of oxygen in the tissue-cells through its all- 
powerful catalytic action. 

It has been noticed that a rise of blood-pressure does not 
always occur when it is low, when adrenalin is injected into the 
tissues, but this is due to its slow absorption, though the asth- 
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matic paroxysm is aided at once. The rise of blood-pneeure b 
hastened, according to Miles aa^ MtiUeberg, when the area in 
which the remedy was injected is massaged. Spraying the nose 
with a 1.: 4000 or stronger solution of adrenalin or suj^Knitories 
containing thu agent has also been found capable of arresting 
parox 3 rsms of asthma by Matthews. Aronsohn applies to the 
nostrils an ointment of vaselin and lanolin, of each, 1 drachm 
(4 grammes), containing 30 to 60 minims (1.86 to 3.7 c.c.) of 
1:1000 solution of adrenalin chloride. Weiss*** recommends an 
injection of adrenalin Vm <U!>d pituitary extract Vi 
in 15 minims of water. A second injection was required in only 
10 out of 300 cases. 

In hay ferer the nasal spray referred to above was, at one 
time, used extensively, but it eventually proved more harmful 
than bmiefidal. By exhausting the contractile power of the 
nasal mucosa it caused the latter to relax and to block the 
respiratory area. If used at all, it should be only for a short 
time. Matthews*** uses a 1:1000 solution in severe cases and 
1:2000 or 1:4000 in milder ones. Far more efficient is the 
adrenalin ointment 1:1000, to reduce the turgescence of the nasal 
mucosa, keeping the latter down by means of a 10-grain to the 
ounce of liquid petrolatum spray, between times. 

Solomon Solis-Cohen recommends the use of adrmialin 
tablets, beginning with VM*8nihi (0.00132 Qm.) doses, and in¬ 
creasing the latter, if need be, as the patient becomes accus¬ 
tomed to the use of the remedy until V,, grain (0.0066 Gm.) 
u given. The tablets are allowed to dimolve on the tongue. If 
the patient (»n remain in a daric room to avoid the reflex excita¬ 
tion of the sensitive centers, the reniedy is givmv less often. 

Asarra akd othbb Extubions.-— In tbb condition, there 
is a more or less great loss to the circulatory blood at its 
adrenal principle, owing to the accumulation in the peritoneal 
cavity of a more or less great volume of its serum. The latter 
being as I have shown, the intermediary between the red cor-* 
puadea and the tissues for the transminion of the adrenoxidase 
to the latter, the ascitic fluid deprives the body of part of its 
oxidising pnnmple, transfers a given proportion of it vihere 
it cannot cany on its ngrmal functions. In some case^ in fsct, 
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as in one recently dwerred by Bean,*** the eernm may be 
Uoody. The marked aneania and asthenia which complicate 
these caaM speak in favor of this view. 

That, in addition, the adrenal principle should prove 
nsefnl in these cases, saints itself, since they would restore 
to the onanism that which is so essential to its physiological 
welfare. Fleischer and Loeb*** found that injections of ad¬ 
renalin not only improved the general condition, but also that 
thqr increased the rapidity of absorption of the fluid from the 
peritoneal cavity, l^on and Jump*** resorted to this measure 
in 8 cases. In the first patient ascites was due to chronic 
parenchymatous nephritis associated with moderate regurgita-. 
tion at the mitral valve. Tapping had already been performed 
three Nine injections of adrenalin chloride were then 

given in the space of about two weeks, the original dose used 
being 7% Tninima (0.6 c.c.) of a 1:1000 solution, rapidly in¬ 
creased to 80 minims (2 c.c.). The first 5 injections were 
given on successive days. After the third injection the lino 
of dullness in the abdomen began to descend, and after the 
sixth ascites was barely demonstrable. The patient had two 
attacks of pulmonary oedema during the treatment, but stated 
that he had had previously several such attacks. The quan¬ 
tity of urine pass^ gradually rose during the treatment, the 
daily output at its termination being from 70 to 80 ounces 
(2100 to 2400 C.C.). Progressive improvement followed. As 
to the question whether the adrenalin had some influence upon 
thb kidneys in addition to that on the absorptive power of the 
peritoneum, the fact that the patient had already been under 
treatment for a long time, ^which treatment had apparently 
been ben«8eiiil, leads to a conclusion in the negative. 

The third patient was suffering from an abdominal car¬ 
cinoma, probably arising in the stomach and extending to t^ 
omentum. The first injection of 30 minims (2 c.c.) apparently 
the amount of fluid. The injections were gradually 
increased to 60 minims (4 c.c.), 12 in all being given, after 
which, no improvement being noted, paracentesis became nec¬ 
essary. The character of the causative disorder, however. 
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could but defeat the curative value of the adrenal principle. 
In Beanes caae, from which nearly sixty gallons of fluid, san- 
guinolent at times, we have seen, complete recovery occurred. 

Satisfactory results have also been obtained in serous 
effusions in the pleura and tunica vaginalis after aspiration, 
by injecting into the cavity from 8 minims (0.5 c.c.) to 2 
drachms (8 Qm.) of adrenalin in four times the quantity of 
saline solution. 

Qekerai. Indications of Adbenal Preparations.—^T he 
list of disorders in which adrenal preparations have been, 
and are being, employed could be greatly extended, but I 
have limited myself to those in which their use has proven 
advantageous in the hands of a sufficiently large number of 
practitioners to warrant their being added to our trusted 
remedial agencies. In a certain number of diseases they may 
even be said, interpreted from my viewpoint, to exceed other 
means at our disposal in value. These are:— 

1. Addison’s disease. In this affection adrenal prepara¬ 
tions compensate for the deficiency of adrenal secretion, and, 
therefore, for deficient general oxidation, metabolism, and 
nutrition. The dosage should be adjusted to the needs of each 
case. Beginning with 3 grains (0.2 Qm.) of the desiccated 
extract three times daily after meals, the dose should be gradu¬ 
ally increased until the temperature and the blood-pressure 
become nonnal, when the last dose should be maintained. (See 
page 103.) 

2. Surgical heart-failure; collapse from hsemorrbage, shock, 
asphyxia, and submersion. Here the adrenal active principle 
(suprarenalin, adrenalin, etc.), as a catalyzer and a constituent 
of the hfpmoglobin, promotes energetically the intake of oxygen 
and its utilization by the tissue-cells, including the muscular 
elements of the cardiovascular system, and thus causes them 
to resume their vital activity. 

3. The toxaemias, including bacterial infections,- surgical 
septicaemias, etc., when collapse threatens, especially when a 
peraistently low blood-pressure, hypothermia, and cyanosis are 
present. Besides enhancing pulmonary and tissue respiration, 
the adrenal principle, administered in the same way, enhances 
the efficiency of the immunizing process. (See pages 113 and 
124.) 
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4. Capillary haemorrhage from the pharyngeal, (esophageal, 
gastric, or intestinal mucous membrane. The mastication of 
tablets of adrenal substance, or the oral use of powdcml ad* 
renal substance in 5-grain capsules, arrests the flow by causing 
active metabolism in the muscular elements of the arterioles 
of the mucosa and constriction, of these vessels. 

5. Asthenic cardiac disorders with dilatation of the right 
ventricle, dyspnoea, and possibly cyanosis and ivdema, owing 
to the direct action of the adrenal principle on the right ven¬ 
tricle and improved oxidation and metulKtlism in the cardio¬ 
vascular muscles and the tissues at large. Tablets of from 
i/j to 2 grains (0.033 to 0.13 Qm.) of the desiccated gland can 
be taken after meals. 

6. Asthma, to arrest the paroxysms, by augmenting the 
pulmonary and tissue intake of oxygen and the cardio-vascular 
propulsion of arterial blood. From 5 to 10 minims (0.31 to 
0.62 C.C.) of the 1:1000 solution of supranmalin or adrenalin 
in 1 drachm of saline solution should be injected, drop by drop, 
into a superficial vein, or hypodennically. 

7. To prevent the recurrence of serous cfTusions in the 
pleura, the peritoneum, the tunica vaginalis, etc., after aspira¬ 
tion, by reducing the permeability of the local capillaries and 
restoring the circulatory c(|uilibriiim. 

8. In neuralgia or neuritis, as pointed out by Carlcton, 
applied to the cutaneous surface over the diseased area to ]iro- 
duce ischaemia of the hypencmic nerves and thus arrest the 
pain. One to 2 minima (0.12 c.c.) of a 1 to 1000 adrenalin 
ointment should be applied by inunction. 

PITUITARY OIMiANOTHERAPY. 

I have submitted elsewhere in this work the many reasons 
which have led me to differ from those who consider the 
pituitary body as a secreting gland, and to attribute to this 
organ the functions of a composite nerve-center. Pituitary 
organotherapy, though of marked value, docs not mean to me, 
therefore, as did the organic preparations reviewed so far in the 
present chapter, the scientific use of a substance which carries 
on well-defined functions in the body, but rather the use of a 
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tinue ridi mainly in chroma^n substance and nndeina, or 
at leaat in anbatmces capable of producing jointly the effects of 
adrenal preparations (a generally recognized fact) modified, 
and indeed improved, through ^eir combination with other 
components of the pituitary body. I may recall in this con¬ 
nection that of ^e two lobes, as shown by Howell, Silvestrini, 
Thaon,^"' and others, the posterior is the only one whose extracts 
are active therapeutically, but that, as shown by Crowe, Cushing, 
and Homans,**** it is not removal of this lobe which causes 
death in animals—as it should, were it like the adrenals and 
the thyroparathyroid body, a secreting gland important to life— 
but removal of the anterior, which therapeutically is inert. 

What explanation of the rdle of pituitary preparations I will 
offer, therefore, will not take the so-called secretion into ac¬ 
count; it will utilize the only certain fact we have at our 
disposal for this purpose, viz., that, as shown by Wiesel, the 
posterior lobe is rich in chromaflSn substance—the active com¬ 
ponent of adrenal tissue—and that it is mainly the physiological 
effects of this substance—^though advantageously modified as a 
therapeutic agent through its combination with other constit¬ 
uents of the same tissue, I repeat—^that we witness. 

The phenomena awakened by pituitary are strikingly those 
of adrenal preparations. Mairet and Bose*** found, in 1896, that 
subcutaneous injections of pituitary extract produced a rise of 
temperature which lasted but a couple of hours. An intravenous 
dose produced marked myosis, slowing of the respiration, power¬ 
ful cardiac beats, and hyperthermia as main signs, the animals 
recovering, however. Schafer and Vincent*** then found that 
pituitary substance raised the blood-pressure—^besides containing 
a depr^sor substance—and that this substance when applied to 
mucous membranes causeil blanching, as is the case when a solu¬ 
tion of adrenalin is applied. They also noted that in small 
mammals it caused, in toxic doses, paralytic symptoms which 
they also consider analogous to those caused by adrenal extracts. 
According to Jas. Barr,*** pituitary extract actively produces 


***T1iwmi: li'hypophTM, n. IS. 1907. 
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arterioKlerosia^ and it is also known to proilnoe gh'voanria. In 
other words^ it awakens all the typical phenomena, physiological 
and pathological, to which tlie adrenal product gives rise. 

The marked advantage of pituitary—owing, doubtless, to the 
fact that it is bound up in organic c-ombination with other 
components of the organ—is timt it sustains Uie rise of blood- 
pressure and is reliable in shock and other emergency cases. 
It seems also to sustain tbe temperature and tltc muscular tone, 
cardiac, vascular, intestinal, and uterine, longer than the adrenal 
active principle. It possesses also a great practical tulvantogc 
over adrenalin and other adrenal principles in that it can be 
administered by the mouth witliout com]>romising its clfects. 
Moreover, pituitary preparations have seemed to me clinically 
to produce tlie pharmac^ynomic clfects of lx>tli the cortex and 
of the medulla of the adrenals. 

The pituitary is now granted four internal secretions; one 
each to the anterior and posterior lobe, one to the infundibulum, 
and one to the organ as a whole. All of these are more or leas 
used in practice, particularly tlie anterior lobe, in 3 to r» grain 
(0.2 to 0.33 Gra.) doses, in delicicnt growth and ailiiiositas, 
infantilism, mental backwanlness, delicient sexual development 
and asthma; the whole gland in 3 to 5 grains (0.2 to 0.33 Om.), 
t.i.d., in all of the foregoing disortlers, and general asthenia, 
neuralgia, tachycardia, due to low blood tension ainl other 
cardiac conditions referred to below, and iiarticularly the pox- 
ferior lobe, now ^recognized by Uie U. S. 1\ (1016) as tlie 
hypophysia sicca, the dose of which is V5: grain (0.033 dm.), 
used mauily in the disortlers described lielow. Another official 
preparation is the liquor hypophysis, a liquid preparation of the 
posterior lobe, the dose of which is 5 to 15 minims (0.3 to 1 c.c.), 
used mainly in obstetrics and surgery, as we shall see. 

A new product, tethelin, has been isolated by T. B. 
Robertson,’** but it is not as yet availalile on the market. 

Cardiac Dibordbbs. —As shown by Henon and Delille,’*** 
pituitary gland raises tiie depressed arterial tension and corrects 
purely functional disorders of rhythm. 

It is recommended in doses ranging from 3 to 6 grains (0.2 
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to 0.4 Gm.) of the whole gland, in myocardial weakneaa, par- 
tionlarly in that due to infectiona when the blood-prewnre is 
receding; the pulse is becoming more rapid, and the urine 
scanty. While 1 m active tbm digitalis as a ^uretic, it never¬ 
theless serves a valuable purpose in this connection. It is 
advantageous in, mitral disorders when there is hyposystole and 
in chronic myocarditis, particularly that due to alcoholism. It 
is also nsetol in the tachycardia of certain neuroses and during 
menopause. These results have bron confirmed by Tierotoli,”* 
ParisoV^* and others. 

It is contraindicated in aortic affectionB in any disorder in 
which high vascular tension prevails, and where there is a 
tendency to anginal pains, which it tends greatly to aggravate. 

Pituitary gland is preferred to adrenal and particularly 
adrenalin, as stated above, when the action is to be sustained, the 
former being useful in urgent cases. Btoon and Delille, how¬ 
ever, prefer digitalis, and recommend pituitary gland only when 
the latter fails. Leonard Williams,^*^ on the other hand, deems 
it superior to digitalis, strophanthus, strychnine, and other 
classic tonics in what he terms the "runaway heart of toxic 
states," influenza, pneumonia, bronchitis, etc., with tachycardia, 
but low blood-pressure, and in all cases in whidi there is post- 
toxic cardiac debility. In these cases—^which, from my view¬ 
point, are instances of pure hypoadrenia—^Williams r^^rds 
pituitary preparations superior to any remedy at our command. 

In hoirt-failure and shock, it has been highly recommended 
by Mummery and Lymes and Bell and Wray; 16 minims (0.92 
OA) of the extract being injected intramuscularly. 

R. A. Bate,**** after using the liquor hypophysis in over 100 
cases of cardiovascular, and metabolic atony and deflcient defen¬ 
sive activity regards pituitary as the moat effective therapeutic 
agent at our disposal in endocrine therapy. 

Obbtbibicb.—-D ale*** found experimentally that extract of 
pituitary caused "direct stimulation of involuntary muscle with¬ 
out any relation to innervation." FrOhlidi and Frankl-Hoch- 
wart**' then ascertained that it caused contractions of the preg- 
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iiant uterus in rabbits, while Foges and Hofstetter^* icsortcil 
to this property to check postppartiuu aud other uterine hffiuor- 
rhages in 63 cases, 'fbe extract proved worthless by tiio mouth; 
but when iiqected intramuscularly, marked uterine contraction 
appeared within five minutes and lasted a long while in most 
cases. Voigts”^ found pituitrin most satisfactory in 60 oases; 
1 c.c. (15 minima) sufficed. Pouillot and Vayssicrcs*'*'* give 
7^ minims intramuscularly several times daily in all adynamic 
or hmnorrhagio conditions. Trapl“*" recommends it in placenta 
previa of the marginal type. A number of authors have recom¬ 
mended it for menorrhagia and metrorrhagia. Pituitary is 
useful, in fact, in all forms of hemorrha^ of the genital system. 

Norris^^** never uses pituitary extract without exhausting 
his abilities in obstetric diagnosis, lie considers that hcalttiy 
mnltiparas with relaxed birth canals offer the widest and safmt 
fields. For inertia in the early stage of labor, the sleep of 
morphine, chloral, or scopolamine is preferred; in tlie advanced 
stages of labor, pituitary extract, ho says, often will wisely 
keep forceps innocuous. The uterus, after the tumultuous 
visitation of pituitary extract, usually needs the steadying hand 
of ergot. Half doses are more often to be employed than full 
doses. 

A large number of observers have, however, brought out 
some dangerous f^turra. Nagy*^' observed that it decreased the 
action of the fetal heart. Spaeth'*** had % cases of death in the 
newborn which are ascribable to this cause. Various authors 
have noted tetanoid spasm of the uterus. J. Clifton Edgar"** 
states that both small and large doses have caus^, through this 
defect, fatal comprcMion of the fetus, premature separation of 
the placenti^ and deep rupture of the cervix, his experience be¬ 
ing based on 70 cases. In 39 of these in the first and second 
stages there were 2 and probably 4 still-birth^ and 3 instances of 
deep laceration requiring sutures to control the bleeding. 
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Sevenl instances of raptare of the uterus under the use oi 
pitnitrin have also been reported. DeLe^^** no longer uses it. 

Ott and Soott*^* fotmd infnndibulin, i.e., extract of the 
posterior lobe, to act as a powerful galaetagogne in the goat. So 
far, however, it has not been tried in women. 

iNFBOTions Disbasbb.—I n this general class of disorders 
the use of pituitary acts, from my viewpoint, and in keeping 
with the effects of adrenal preparations, by enhancing the 
immunizing activity of the blood and the tone of the cardio*Tas- 
-cular systmn when it is depressed. 

B4non and Delfllet*” found that in tyjdioid fever it raised 
the blood-pressure, slowed the pulse, increBsed diuresis and 
improved the patients in general, hastening convalescence 
noticeably. In diphtheria, in which the toxin reduces the 
vascular tension and promotes cardiac complications^ it low¬ 
ered the pnl8e>rate, raised the blood-pressure, and increased 
diuresis. In erysipelas it seemed to hasten the favorable evo¬ 
lution of the disease. In pneumonia it raised the blood-pres¬ 
sure when this became low, but without influencing favorably 
the evolution of the disease. In bronchopneumonia, however, 
the opposite proved to be the case, considerable benefit being 
noted. Influenza was found to.be very favorably influenced, 
rapid recovery resulting in patimits aged, respectively, 80 and 
63 years. This was confirmed by Azam,^** in the infectious 
form. B6non and Azam enumerate the phenomena which, in 
infectious diseases, indicate the need of pituitary: 1, a fall 
of the arterial tension; 3, quickening of the pulse and, as com¬ 
plementary minor phenomena, insomnia, anorexia, abnormal 
sweating, and heat flushes. Under the influence of pituitary 
there occur: 1, increase of arterial tension; 2, slowing of the 
pulse, with increase of power and amplitude; 3, increased diu¬ 
resis; 4, increase in weight; 5, hastening of convalescmioe. 

In several cases of tubmculosis treated by B4non and 
Delille, the results were not; on the whole, encouraging. In 
a case of Addison’s disease complicating tabercnlosis, however, 
there was a notable rise of the blood-pressure and diminution 
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rf the aithenia. Trerotoli had already noted the beneficial 
( ffecta of pituitary body in Addison’s disease—a fact which 
further auggesta that the active agent of pituitary substance, 
is ita'adrenal component. 

Acbomboalt. —The posaible value of pituitarv extracts 
in acromegaly, a diaeaae of the pituitary body,, has naturally 
suggested itself, but, although a few of the syiiiptoius, the 
headache, lethargy, and amnesia, were relieved in some, no 
cures were obtained. This subject has already been referred to 
on page 607. 

Analyais of the cases reported as benefited suggests an 
explanation .of its mode of action, however, one quite apart 
from any functional relationship with the organ as the source 
of an internal secretion, but raitirely in keeping with the pres¬ 
ence in the pituitary preparation of adrenal secretion in or¬ 
ganic combination. Marinesco”* observed that it was the 
extremely violent headaches that were relieved, there being 
no benefit otherwise excepting perhaps increased diuresis. 
Kuh,^** obtaining no favorable result, witlulrew the remedy, 
but the patient begged to be given the powders again, having 
found his headache much more intense when lie fnih*d to take, 
them. The same observation had l)een recorded by Cyon,’*‘ 
the patient, an obese child of 12 years, having besides lost 
twenty pounds in weight. What benefit was obtained in 1 
case out of 7 cases treated by Kinnieutt'*’' was also limitiKl 
to the headache and neuralgia. Leszynsky,*** after a prolonged 
trial in 2 cases, wrote: “While some published reports ns to 
the efiBca(^ of the preparations of the 8hcei)’H gland have 
seemed quite encouraging in so far as the relief of headache 
and of parsesthesia of the hands is concerned, it is the gen¬ 
eral consensus of opinion that it in no way influences the 
progress of this disease.” 

Still, the relief of the headache and para?sthcauc indicates 
some potent action. This is accounted for if the adrenal prin¬ 
ciple is considered as the active agent of pituitary prepara¬ 
tions, since, as Langley has shown, it is principally upon the 
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arUrUtlee that the adrenal principle acta, a view which ha> 
no# become classic. Such being the case, the tumor of the 
pituitary, or the compressed tissues around it, receive less 
blood through their constricted arterioles, and the sensoif ter¬ 
minals of the peripheral likewise. The resulting ischaemia of 
these tissues thus accounts for the diminution of pain—^as long 
only as the remedy is administered. 

Exophthalmic Goiter. —^R4non and Delille*** obtained 
considerable improvement in this disease by'^he use of pituitary 
gland. From the fourth to the fifth day, the sleeplessness, 
tremor, digestive disturbance, sweating, and sensation of heat were 
considerably lessened. The tachycardia improved less rapidly, 
the pulse becoming slower gradually and attaining its slowest 
rate toward the fifteenth day. The arterial tension also rises 
steadily, attaining the maximum toward the third week, fall¬ 
ing again somewhat, but not to the former low level. Some 
diminution of the exophthalmos occurred, but the goiter was 
not reduced. The dose administered w'as 4l^ grains (0.30 Gm.) 
of the whole* pituitary (ox) gland daily, a dose which they 
deem advisable to increase to grains (0.50 Gm.) in divided 
doses daily. The symptoms tend to return, however, on dis¬ 
continuing the remedy. Cases subsequently treated were also 
benefited, but no cures were effected. 

This mode of action, from my viewpoint, corresponds 
precisely with that referred to under the preceding heading. 
We have scon in the fifth chapter that the main pathological 
condition, that to which all tlie prominent symptoms of ex¬ 
ophthalmic goiter were due, was a general dilatation of the arte¬ 
rioles. Pituitary extracts causing constriction of these vessels 
as long as It is administered, it offsets for the time the morbid 
phenomena enumerated. That such is actually the caise was 
demonstrated by Hallion and Carrion,'** who found, experi¬ 
mentally, that pituitary extracts “always produced their effects 
by raising the arterial tension,” producing at the same time 
“an intense vasoconstrictor action upon the thyroid body.” 
Briefly, we have here precisely the physiological action neces¬ 
sary, the vasoconstrictor power of the adrenal component of 
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ilie pitvitaiy gland aiipvntcding the vasodilator action of the 
rliyroid, the underlying cause of Uie disease. 

Nbbvoos ako Mbntal Diseases and Myopathies.— 
il4hon and Delille used pituitary in 10 neurasthenia in whom 
laohycardia, irregular vaiscular tension^ often below normal, a 
sensation of oppression, myasthenia, insomnia,* and anorexia 
were present. In these cases, 3 to 5 grains (0.2 to 0.3 Um.) 
daily proved remarjcably ‘useful, though no complete recovery 
was noted. 

Delille and Vincent*** obtained a complete rmwery in a 
grave case of bulbo-spinal myasthenia by the simultaneous use 
of pituitary and ovarian extracts. Parhon and rnrhia and 
Tjtopo1d-L4vi and de Ifothschild'** had also obtained favorable 
results with pituitary in similar cases. Browning*** ol>ser\‘cd 
good effects in cases of- chorea in which this disorder oi** 
curted in conjunction with stunted growth, as shown under 
the next heading. 

In epilepsy, .it was tried by Mairct and Bose,'** but only 
served to increase the number of attacks—a result to be oxpwted, 
since Spitzka has shown that these were due to abnormal eleva¬ 
tion of the blood-pressure. In some instances it provokwl 
•delirium. 

Sollier and Chartier*®" tried pituitary in mental disonlcrs 
and found it useful in depressive states. It raised the blood- 
pressure, reduced the pulse, suppresswl profuse sweating, and 
improved the asthenia. The syntfiesis of perwptions and the 
association of ideas were improved, and mental operations were 
incited more promptly. 

Stunted Growth and Imbecility. —In the ease of a child 
of 3 years, which had shown the evidences of hypothyroidia with 
idiocy sufficiently to suggest the use of thyroid, Ijeopold-Ijcvi 
and do Rothschild found this agent useless. The case being 
attended with marked myasthenia, they administered pituitary 
extract 1'^ grains (0.1 Qm.) twice daily, which correspondwl 
with 7% grains (0.5 Gm.) of the fresh gland. Marked signs 
of improvement appeared within a few days. The intelligence 
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developed to a remarkable degree, aud eoon readied thid; of a 
child of a corresponding age, 3 yean, tliough before the' treat* 
ment it did not exceed that of a 7 or 8^ months’ infant. Tno 
similar casm, one of which showed symptoms of Littlds disease, 
were umilarly benefited. 

Browning'*^ used pituitary only in undersized or backward 
children and youths with marked success. The reader is re¬ 
ferred to the fifth and sixth chapters, in which these disorders 
are treated in full. 

Intbstikal Paebsib. —^Bell and Hicks^** have found pitui¬ 
tary extract of value in, paralytic gaseous distention of tlm in¬ 
testines. It never failed either in post-operative or other paresis 
if given intramusculaiiy, when tlie intestine begins to distend, 
in 15-minJm (0.92 c.c.) doses, repeated in an hour, if required. 
The effect is then sustained by daily doses if need be. Kir- 
misson^** obtained good results where intestinal paresis following 
operations for acute appendidtiB, a stool sometimes following in 
15 minutes. Davis and Owens**** also found that^ used after 
the operation, it prevented postoperative nausea and vomiting. 

According to E. U. King*** by-effects of pituitary extract 
are: rise of blood-pressum, dyspnea, air hunger, and pallor; 
but these are transitory, and are negligible when contrasted with 
the lasting benefit secured in the majority of instances. Vomit¬ 
ing may be expected, and be welcomed, if the stomach contains 
intestinal contents; for in intestinal paresis the upper, rather 
than the lower, alimentary tract functions inadequately as 
tlie vent. Pituitary extract is injected, under aseptic precau¬ 
tions, into a vein—^usually one near the elbow, though in fat 
persons a vein on the bad: of the hand is more available. In a 
given case of intmtinal paresis, it affords an additional means of 
emptying tlie bowel, which is peculiarly applicable and trans¬ 
cends in efficiency any previously known. In uncomplicated 
postoperative cases its action is promptly curative, and it is 
possibly curative of functional, actual obstruction. Pituitary 
extract should be given very carefully when the heart rate is 
unusually high, 140 or more, when there is mariced intermittence 
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cii the hear^ or in cardiac decompenaatioii. In. angina pectoris, 
account of the vasoconstriction produced by it, this agent is 
jtrobably absolutely contraindicated. 

Abthbitm.— B. H. Whitbeck*" describes 13 cases of rheu¬ 
matic arthritis treated by the daily intramuscular injection of a 
1 per cent, solution of pituitary extract; only 2 failed to im¬ 
prove. Belief of pain, joint-fluid absorption, *and increaseil 
activi^ were notpd rather early in tlie treatment. General 
improvement and equalization of the pulse- and blood- pressure 
were also noticeable. 

M. S. Macy*** obtained good results in 3 consecutive cases 
of gonorrheal arthritis. All 3 had been under autogenous 
vaccines, as well as local antiseptic treatment for the infection 
of the genitourinary tract; but the arthritis, of some montlis* 
standing, liad been very slightly, if at all, l)cneiitcd. The treat¬ 
ment consisted in ionizing into the alTcctcd joints, by the high- 
frequency spark, of pituitary gland substance (in ilie form of 
tablets) triturated to a powder. Usually, 1 grain of the 
powder was employed at each treatment, but in one of the pa¬ 
tients this was increased to 2 grains. 

lUciiiTis.—^R. Klotz^*^ tried pituitary with calcium car¬ 
bonate in 5 infants, from 1 to 2 years of age, some of whom 
had received no benefit from the usual remedies. Altliough all 
5 cases were severe, in two weeks all were able, for tlie first 
time, to stand upright and walk. Previously wasted from 
diarrhea, the children increased in weight and strength. 

Abtiiua. —^VVe have seen that adrenalin is used with liencfit 
in the treatment of asthmatic paroxysms; unfortunately the 
arrest of suffering is ephemeral. Pituitary gland has liccii found 
equally effective and more lasting in its effetds. Moreover, it 
may be administered orally and the paroxysms thus prevented. 
Suggestive in this connection, in so far as my own view that the 
effects ere mainly due to the adrenal extractives it contains, is 
the observation of Heiss*** that the first injection in his cases 
gave all the by-effects of adrenalin. Crookshank’** treated 20 
cases of bronchial asthma, giving 2-grain tablets of pituitary 
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flubstance. The attacks became oomparatiTely mild. In 2 oi 
the cases the use of antispasmodics—stramonium, etc.—wen- 
rendered unnecessary. F. 0. Warfel*** also obtained *^verv 
marked improvement in the distressing train of symptoms in 
forty-eight hours,’* by means of 2^-grain tablets of the anterior 
lobe. , 

Hemopttsis. —This distressmg condition, so often rebel¬ 
lious to classic methods, was found amenable to treatment by 
means of extract of the posterior lobe by Bist^** when injected 
intravenously. The results in 20 cases, ranging from the stage 
of consolidation to that of cavities, and including 1 case of 
pulmonary cancer and of pulmonary infarct, were instantaneoiirt 
as to arrest of the hmnorrhage, excepting in 1 case in which the 
patient failed to subject himself to rest and quiet. Becurrence 
having occurred in several instances, the second injection proved 
as ^cient as the first. In only one instance did a third injec¬ 
tion become necessary. Konikow’*^ refers to a case, in which 
he injected 15 minims of pituitary liquid hypodermically, as 
^‘magical.” Becurrence was also follow^ by arrrat of the fiow 
by the same measure. 


OVARIAN OROANOTHERAPY. 


The fact tiiat destruction or absence of the ovaries caused 
girls to grow without tlie general physical attributes of the 
female sex led Brown-S£quard to consider these organs as the 
source of an internal secretion. This view has been upheld 
by many observers who found that ovaries transplanted in tlic 
abdominal cavity, i.e., elsewhere than in their normal location, 
restored to tlie other genital organs the power to develop and 
carry on their physiological functions. 

Summarising tlie labors of Fraenkel, Loeb and Novak, E. 
T. Hermann**** concludes that tlie ovarian corpus luteum sup¬ 
plies a sensitizing substance to the uterine mucosa which enables 
it to form the placenta. It aids fixation of the embryo, is 
essential for its devdopment, initiates menstruation and acti¬ 
vates development of the mammaiy gland and lactation. Its 
presence or absence determines menstrual activity. 


Indtaiiapolla lied. Jour., July, ISIS. 
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The prepwnUMn in general use is tlie desiccated gland, 
which may be given in doses of 5 to 10 grains (0.33 to 0.66 
Qm.}t twice daily. The fresh organ may bo employed in 10- to 
15- grain (0.6 to 1 Gm.) doses where tlic pharmaceutical 
prodi^ is not available. It soon loses iU effect; small doses 
should first be given, then gradually increased. , 

Ovarian preparations have been tried in many disorders, 
but it is mainly in connection witii those of tlic genital apparatus 
that they have been found of actual value. 

Natural and Abtificul Menopause. —In disorders oc¬ 
curring in the course of the physiological menopause, or when 
the latter is produced by bilateral oophorectomy, ctvarian prej)- 
arations have proven of considerable value in a large pro|iortion 
of cases since Brown-S^uard first inth>duced their use. Kx|K>ri- 
ence has shown, however, that tlie improvement lasts only as 
long as the agent is administered, and that, furthermore, certain 
phenomena—^tbe palpitation, trembling, and “nervousness”—ilis- 
appear earlier than the others, i.e., the asthenia, fluslics, irrita¬ 
bility, and psychoses, though effects in all symptoms, including 
the cutaneous disorders,—especially acne ro8ac(>a and eczema,— 
are promptly realized, sometimes as early as the fourth day. 

These effects arc normally explained by the influence of 
the remedy on general oxidation and tlie improvement of the 
antitoxic functions of the blood, the iinpcrfix^t hydndysis of 
tissue wastes being the underlying cause of tlic phciiomeiia oUier 
than the general asthenia. 

The best rraults are obtained in young women who have 
grown obese after removal of the ovaries, or in whom olicsity is 
due to ovarian insufficiency. In physiological menopause they 
are less marked, as a rule, and sometimes fail altogether to 
appear. In such instances, good results may sometimes lie 
obtained by giving simultaneously 1 grain (0.066 Om.) desic¬ 
cated thyroid, or by depending upon the latter remedy alone. In 
congenital ovarian insufficiency, desiccated ovary has cause<l the 
qipearance of menstruation. 

Of late, however, the general attention has been centered 
upon the therapeutic use of corpus lutenm, which often affords 
benefit where ovary alone fails. 

The moda of actioR of ovarian prciMrations is suggested by 
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the personal Tier submitted on page 479, concerning the gen¬ 
eral efFects of the ovaries attributed to an internal secretion. 
This is that we are not dealing with a true secretion, bu( with 
the products of the adrenal rests in the organ, and particularly 
the corpora lutea. The chemical properties, tests, physiological 
effects, etc., w^re shown to correspond precisely; the cellular 
elements also showed the characteristic features of the adrenal 
cortex, that the kinship had been noted by Mulon and others. 

An important fact which should not be overlooked, however, 
is that the active agent occurs in organic combination with 
other bodies. Hence the fact that, althou^ investi^tions 
having for their purpose to isolate the'active constituent of 
the corpus luteum have been numerous, they proved successful 
only in a relative degree. Iscovesco,^" of Paris, has extracted 
from the corpus luteum as well as the entire ovary a number 
of lipoid substances, one of which, a yellowish, waxlike body, 
soluble in oil, was found to exert a pronounced stimulating 
action upon the genital system, injections into young female 
rabbits causing a striking enlargement of the ovaries and 
uterus to several times the size noted in control animals. He 
believes the lipoids isolated by him to represent the active in¬ 
ternal secretion of the ovary, and produces evidence to the effect 
that the most active of the lipoids exists both in the corpus 
luteum and in the remaining tissue of the ovary. Some inves¬ 
tigators, on the other hand, cling to the older view that the 
active ovarian principle is a protein substance occurring in con¬ 
junction witlx a lipoid or lipoids. Herrmann,^** in a recent re¬ 
search, obtained from the corpus luteum, as well as from the 
placenta, a thick yellow oil, which turns brown upon oxidation 
in the air and powerfully excites the growth of the reproductive 
organs. In common wi& Frank and Bosenbloom,^** he bdiieves 
that the active substance is not a lipoid, but is simply carried 
along with the lipoids when th^ are extracted from the luteal 
tissue as a whole. Ho preparation of an active principle of 
the corpus luteum is as yet available for therapeutic use, unleu 
the lipoid preparations of Iscovesco, already used by him with 
satisfactory results in clinical work, are to be considered such. 
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CX)BPUS LUTEUM ORGANOTHERAPY. 

Mknbtbuaz. Disorders; Mhnopadse; OOphokbctomy.— 
Corpus Inteum therapy has been applied chiefly in disturbances 
of menstruation and for the removal of the symptoms of the 
menopause, physiological or artificial, such as hot flashes, s|)clls 
of psychoneurotic manifestations, digestive difeculties, vesical 
irritation, etc. The best result have been obtained in the 
climacteric group of cases. Marked, tliough not always com¬ 
plete, relief is usually experienced by these patients, the use of 
tlie remedy for an indefinite period ^ing, however, necessary if 
permanency of result is to be secured. Daimrcutltcr'^** has 
reported 2 cases of pruritus vulvse'associated with tlie menopause 
in which the itching was relieved with striking promptness by 
corpus luteum. He urges routine administration of the drug in 
all cases approaching tlie menopause as well as after hysterec¬ 
tomy and oophorectomy, whetlier partial or complete. In some 
cases where but one ovary has been removed, compensatory 
activity by the other proves insufficient; corpus luteum therapy 
under these conditions is likely to prove beneficial. 

Menstrual disturbances amenable to corpus luteum include, 
in particular, functional amenorrhea and dysmenorrhea of 
ovarian origin. Among patients with the former condition 
Dannreuther lays stress on the slightly obese, anemic, pale tyjx! 
of young woman who begins, soon after puberty, to complain of 
headache, malaise, nervousnwB, and constipation, together witli 
scanty menstruation and, possibly, acne vulgaris. In such pa- 
t-ieots, by combining corpus luteum with hygienic treatment an<l 
tonic remedies, marked general improvement as wall as stimula¬ 
tion of the menstrual‘flow can often be securetl. I^iighton'*’ 
reports excellent results from the use of corpus luteum in a cer¬ 
tain proportion of cases of dysmenorrhea, in particular those 
showing symptoms of ovarian insufficiency, such ns irritability, 
Tnftlitiaft depression, headache, and scanty menstniation, with 
especially on the first day of the period. This observer 
has become convinced that there occur cases of dysmenorrhea of 
which the chief cause is deficient action of the natural corpus 

Ml naonrwOflr: Jmir. Am. MaS. Amoe., Ju. A 
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luteuin; the striking effect of the remedy in tiiese patients would 
thus easily be accounted for. 

^ Stbbiutt; iNbANTixjii^ Gcnkbatitb Oboans; Habituai, 
Aboktiok; Hicpbbbmbsis or Fbbonanot. —Additional condi¬ 
tions in which corpus luteum has proved beneficial, though less 
consistently than in the disorders already referred to, are 
sterility, i^antilism of the reproductive organs, repeated abor¬ 
tions, and hyperemesis in the early months of pregnancy. 
Sterility is^ of course, infiuenced only in the absence of gonococ¬ 
cal or other infection as well as of cervical stenosis. Elliott*** 
has reported the case of a married woman of 27 years, masculine 
of figure, with uterus of walnut size and ovaries impalpable, 
menstrual show only three or*four times during life, epistazis, 
and sexual feeling almost absent, in which corpus luteum 
therapy, coupled with uterine massage, was followed by a partial 
return of menstruation and by pregnancy. Dannreuther found 
the drug of similar value in 2 cases of repeated abortion of 
obscure origin. In the hyperemesis of pregnancy corpus luteum 
has been employed by a number of observers with variable, but 
often distinctly favorable results. J. C. Hirst*** obtained ex¬ 
cellent results in 4 out of 5 cases and deems it superior to any 
other for the treatment of nausea in pregnan<^. 

The two most important prerequisites to success in the use 
of this drug appear to be (1) the selection of a preparation 
made exclusively from the corpora lutea of pregnant animals and 
(2) due attention to the fact that the actioa| of the drug is fre¬ 
quently slow in asserting itself, and that the drug tiiould be 
given up only when thorough trial has demonstrated its lack of 
efficiency. 

The material now chiefiy empl<^ed consists of the dried 
corpora lutea of cows or so^, exhibited in tablets, capsule^ or 
cachets in doses of 5 to 10 grains three times a day. The dried 
substance represents usually about five to six times its weight of 
fresh luteal tissue. Preparations made exclusively with the 
corpora lutea of pregnant animals are considered the most 
efficient. A preparation termed **lnetin,** now on the marked 
is administer^ in 20^paih doses three times a day. 

Jtmr. An. MaS. Anoe.. April 4, IMA 
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OBOBlnC OR TESTICULAR OROANOTIIKRAPV. 

From the standpoint of thcrftpeutics, tcstii’uiar prepara¬ 
tions can hardly be regarded as of more than historical interest. 
The influence of the testicles on the body at large is well known. 
Castration influences the development of tlic organism in many 
particulars. Eunuchs preserve to a certain c.\tent the char¬ 
acteristics of infantilism, the skin remaining soft and white, 
tlicir muscles flabby and weak, and the voi(o high pitchwl. Yet 
they are usually tall, owing to inordinate growth of the lames. 
They lack courage, initiative, and intelligence. This suggests, 
therefore, that the testicles do not carry on genital functions 
only. Brown-S6quard taught that they carried on a dual rfde: 
Ist, procreation; 2d, the production of an internal awTctiim 
which stimulates and sustains the energy of the nerve-ccnlers 
and cord, and capable, moreover, of emiowing the imlividiial 
with physical, moral, and intellectual characteristics of si*x. 
His own physical and intellectual activity having been greatly 
improved at the age of 72 years, by injections of an cxlract 
prepared from the testes of young dogs, he concluded ftal it 
possessed marked therapeutic value. No one who, as I did, saw 
Brown-S4quard before and after he had subinittfMl himself to 
this treatment could stretch his imagination sufficiently to 
attribute the change in his appearance to auto-suggestion. He 
literally looked twenty years younger. 

The prevailing opinion is that the l)eneficial effects obtained 
from testicular preparations are not due necessarily to an 
internal secretion, though the existence of such is not <lcniod. 
but to nucleo-albuminrf, substances that are rich in phosphorus, 
resembling greatly lecithins and glycerophosjihates. From my 
viewpoint (see page 473), they arc mainly due to extracts of 
the adrenal rests they contain, in organic combination with 
nucleins. 

Dixon state that a constituent of orchitic extract is un¬ 
altered by boiling; McCarthy holds that it increases the force 
and regularity of the heart muscle aa does digitalis. It enhances 
tile resistance to disease, increases the production of urea, and 
also acts directly upon the cardio-vascular syst^. Moreovw, 
as shown by Poehl—« fact which indicate that it is not specific 
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to the testis—^it is a ubiquitous constituent of the whole organism, 
in the female as well as the male. 

Testicular preparations, including spermin, have been recom¬ 
mended in a host of disorders, particularly tabes, neurasthenia, 
melancholia, impotence,* and paralysis agitans; in several cuta¬ 
neous disorders; eczema and psoriasis; in disorders of nutrition, 
gout, obesity, and glycosuria; but others a^in have failed to 
obtain any favorable results. Spermin has also been recom¬ 
mended by Poehl and his followers not only in the majority of 
the foregoing disorders, hut in many others besides, in acne, 
rheumatism, syphilis, marasmus, and in various infections, such 
as typhoid fever, diphtheria, and even cholera. It has been 
tried in Addison’s disease, but adrenal preparations are to be 
preferred. 

In the light of the analysis submitt^ above, however, there 
is good ground for the belief that beneficial effects were obtained 
in all these maladies. That the nucleo-albumins of orchitic 
extract acting as would glycerophosphates could be beneficial in 
the disorders enumerated, no one can deny. This can hardly 
be said, however, of the cutaneous and nutritional disorders, 
unless the spermin the extract contains, by enhancing oxidation 
and the destruction of toxic wastes, proves to be tlie active 
agent. Spermin itself—as adrenoxidase—is unquestionably 
capable of doing this actively, and in syphilis and marasmus to 
markedly enhance the functional activity of all tissues. Again, 
the beneficial rdle of spermin in infections finds its explanation 
in a fact I have repeatedly emphasized, viz., that the oxygenized 
adrenal secretion, the active agent of spermin, from my view¬ 
point, is an active participant in all immtinizing processes, local 
and general. The main point to determine, however, is whether 
orchitic extract, or spermin, affords better or as good results in any 
of the disorders enumerated than other remedies at our disposal. 
The evidence available indicates that such is not the case. 

KIDNEY ORGANOTHERAPY. 

That the kidneys produce an internal seqretion is still 
problematic. Brown-S4qnard, having removed the kidneys and 
caused ursmia, found that the injection of a glycerin extract of 
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kidney prolonged the life of the animals as compared to those 
in which, t^e same operation was not followed by the use of the 
kidney extract. This experiment, whicli has been repeate<l by 
others, forms the basis of the belief that the kidney protluees an 
internal secretion. That snch a conelnsion may not be war¬ 
ranted is suggested by the fact that the kidneys,,along with wme 
of the organs so far reviewed, arc also rich in adn'nal tissue— 
the so-called ^'adrenal rests’* from which hypernephroma some¬ 
times develops—and that as such they are capable, as an active 
factor in the immunizing functions of the body, of counteracting 
temporarily the toxtemia or '^uraemia” brought on by removal of 
the kidneys. Indeed, the relief afforded is but e])hcmcral, death 
being postponed but one to two days in rabbits, in which 
Bitzou**’ repeated Brown-S£quard’s experiments. Dromain and 
de Pradel Bra*^” had also noticed that injections of kidney 
extract lessened the fits of epilepsy, another toxa>min. Dubois*** 
and Henaut*** have also found that kidney extracts were endowed 
with antitoxic power. 

That we arc again dealing mainly with a manifestation of 
the adrenal principle is further suggested by its powerful blood- 
pressure-raising property. Tigerstedt and Bergman found that 
remain possessed this power; Bingel and Strauss*®* recently con¬ 
firmed their observation, and found that its action corresponded 
with that of adrenal and pituitary extracts, those of other organs 
causing depressor effects. The rise of pressure producc<l by 
kidney extract was high, i.e., from 40 to GO mm. 11 g, and 
lasted from fifteen to thirty minutes. The authors concludc<I, 
moreover, that "the action of rennin, like that of adrenalin, is 
exerted in the muscles of the peripheral vessels.” Its general 
action, however, is more like that of pituitary body extract, the 
adrenal principle being doubtless combinc«l organically, as in the 
pituitary, with bodies which prolong and perhaps control ad¬ 
vantageously the action of the former. Like adrenal prepara¬ 
tions kidney extract produces dilatation of the pupil. This 
sustains my opinion that its action is due to adrenal principle. 
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Etbr the ozidiziog power I have attributed to the adrenal 
tecietion seems to be reproduced; Batty Shaw,”* wh 9 also finds 
"very little justification for the existence of an internal secre¬ 
tion” in the kidney, remarks that "possibly nephrin and other 
renal preparations provide a means of stimulating oxidation in 
general, the ki^ey merely sharing in this oxidation”—-a very 
accurate estimate from my viewpoint. Shaw adds, moreover, 
that "similar good results have been reported as a result of 
treatment by means of spermin and testicular extract,” both of 
which, as I have shown, also owe, in all probability, their thera¬ 
peutic effects to the adrenal principle they contain. 

The therapeutic application of kidney preparations has re¬ 
ceived considerable attention, and favorable r^ulte have been 
reported in about one-half of the cases of chronic nephritis, or 
Bright’s disease, in which it was tried. The mode of action, in 
the light of the facts submitted above, is mainly an increase of 
the antitoxic power of the blood and diminution, therefore, of 
the irritation of renal apparatus. Pag^ and Dardelin,*** for 
example, report marked amelioration in 18 cases, using a 
maceration prepared as follows: A very fresh kidney from a 
pig is cut into minute pieces, washed with fresh water to 
remove the excess of urine, then hashed and pounded into pulp. 
This pulp is put into 300 grammes (9 ounces and 5 drachms) of 
fresh water to which the physiological proportion of salt, 7.50 
to 1000, has been added. It is then allowed to macerate for three ' 
hours, stirred occasionally, and. kept in a cool place to avoid 
fermentation. The red water of the maceration is divided into 
three parts to be drunk by the patient during the day. It is 
more conveniently given, however, in tablet form, as “nephritin”- 
prepared in this country by Reed and Garnrick. Only the active 
substance of the kidney is used in this preparation, the dose 
being from 10 to 15 5-grain (0.33 6m.) tablets daily in divided 
doses, given between meals. 

Kidney preparations have also been used with more or less 
advantage in puerperal intoxications and epilepsy, but their 
field is essentially the various forms of nq>hritiB, and particularly 
for the prevention of utsmia. They also tend to increase 
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diuTMU and reduce the albumin. As statcil above, however, favor¬ 
able effects are to be expected in about one-half of the cases. 

MAMMA RY QLAND ORGANOTHKKAI'Y. 

It is held by some that the mainniary {'land produces an 
internal secretion, but what evidence tlicrc is u» tlie subject is so 
weak that it can hardly be taken into aivount. Introduced 
by Bell, of Glasgow, and in this country by tlie late John 11. 
Shober, it has shown therapeutically marked stimulating action 
upon the uterus, but the manner in which it produces this oiTecl 
has remained obscure. An extract lowers somewhat, and but 
temporarily, the blood-pressure and the pulse. According to 
Shober, it diminislies the blood supplied to the uterus and thus 
controls haemorrhage, its action resembling that of ergot, though 
free of the unpleasant effects of the latter drug. From my view¬ 
point, therefore, it would act by causing constriction of the 
arterioles. 

Mammary gland is prepared in the form of a tablet made 
of the desiccated gland of the sheep, each tablet representing 20 
graiiu (1.32 Gm.) of the fresh gland. The dose is from 3 to 6 
tablets daily. 

The therapeulic application is restricted to the genital ap¬ 
paratus. In cases of uterine ilbroids characteri/AMl by exclusive 
menorrhagia and metrorrhagia the blcetling was found by Shober 
to be controlled in a few weeks and the periods liecomc regular, 
normal, and free from pain. There is improvement in the 
patient’s health and weight, and Wie tumors themselves diminish 
in size up to a certain point. The patient is thus placed in a 
better condition for any needed operation, and often tho neces¬ 
sity for an operation is postponed. Where there is evidcnije of 
inflammatory or degenerative changes, or when serious pjvssye 
symptoms are not controlled after a reasonalde trial, operation 
should not be delayed. In 43 cases of uterine fibroma treateil by 
Fedoroff, cure is claimed to have been obtaineil in 33, while there 
was a marked reduction of the growth in 43 per cent. Pozzi 
has advocated its use in uterine hwmorrhage of any kind attend¬ 
ing metritis. Briggs**** found it effective in the menorrhagia 
of uterine fibroids in 10 gr. (0.66 Gm.) doses three times a day. 
aiMpriffs: BnSoerlMloar, April. IflT. 



786 


THTMVS OROAMOTBBIIAFT. 


Mammary gland has also been recommended to assist uterine 
involntion and to enhance lactation. But the reports (m the use 
of this agent have been antagonistic. 


THYMUS ORGANOTHERAPY. 

In the sixtfai chapter (p. 280), I submitted the experimental 
and clinical evidence which led me to sugg^t, in 1907, that the 
function of the thymus was to supply an excess of phosphorus in 
organic combination during the growth of the body, i.e., partic¬ 
ularly while the development of the osseous and nervous systems 
demanded such a reserve. This was sustained by the recognized 
fact that certain diseases of children and adolescents, especially 
marasmus, rachitis, and trophic disorders of the brain and 
nervous system, were due, in part, to the functions of the thymus. 
While it cannot be affirmed that this theory actually represents 
the function of the organ—^the thymus having been the grave¬ 
yard of many hypotiieses—all that can be said for it is that it 
seems to account for the clinical results obtained under‘its use 
better than any hypothesis so far advanced, besides correspond¬ 
ing with the laboratory findings of its effects. 

Diseases of the Thyboid. —^In simple goiter it was first 
tried by Mikulicz,*”* who obtained sufficiently favorable results 
in 5 out of 11 cases to render operation unnecessary, at least for 
the time being. Beinbach*”” considers it probably superior to 
thyroid because the unpleasant effects of the latter are avoided; 
for the same reason it is especially suitable when organotherapy 
has to be used continuously. This view is based on the employ¬ 
ment of tliymus in a largo number of cases in the Breslau clinic. 
Mikulicz gave from 2^ to 4 drachms (10 to 16 Qm.) of the 
raw sheep thymus on bread three times a week, increasing the 
dose to 7 drachms (28 Gni.) if required. 

We have seen that in exophthalmic goiter it had proven 
.efficacious in the hands of Owen*** in advanced cases, and also 
in those of Maude*** when other remedies had been used fruit¬ 
lessly. The latter gave 45 grains (3 Gm.) daily to a severe case, 
which greatly improved, relapsing whenever the treatment was 
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interrnpted. S. Solis-Cohen^”* also aclvocatce ita use in thia dU- 
ease, having found that it exerted its benelirial influence mainly 
upon the nervoua symptoms of the disease without aifoeting the 
exophthalmus. Huston White*** found that the nervous syitip- 
toms were alone improved. 

These observations coincide with my own view of tlic manner 
in which thymus gland produces its beneficial ciTects. The 
excess of thyroiodase produced in exophthalmic goiter causes, 
we have seen, too rapid oxidation of the phosphorus in organic 
combination in the tissues, particularly in those of the nervous 
system which are extremely rich in phospliorus. Thymus, supply¬ 
ing phosphorus in organic combination, replaces that lost hy the 
nervous system, thus procuring marked benefit in this one direc¬ 
tion. As 5 grains (0.33 Qm.) of the dried thymus are equivalent 
to 30 grains (3 Gm.) of the fresh gland, this dose can readily 
be given three times daily. 

Bachitis, or Bicketb. —^The same explanation, i.r., the 
purveying of phosphorus in organic combination—to the osseous 
system, in the present connection—accounts for the undoubted 
benefit thymus has procured in this disorder. Mendel,**" having 
used thymus gland in V /2 to 3 drachms (6 to 13 Qm.) daily in 
over 100 cases, obtained marked benefit in a large proportion, but 
especially in the nervous symptoms, including spasm of the 
glottis. It had previously been tried hy Stoppato,*"* hut without 
marked benefit. In Mendel’s cases both fresh and commercial 
tablets were tried, the cases being subdivided as follows: 1, 
thorn which showed prodromal symptoms only; 2, those in which 
deformity of the osseous system was the chief feature; 3, those 
marked by spasm of the glottis, and, 4, those in which splenic 
enlargement was the most important sign. Marked improvement 
was noted in all after from three to four weeks, and dentition 
and the closure of the fontanelle proceeded satisfactorily. No 
untoward symptoms were noted—a marked advantage over 
th3rroid preparations. In a case of stunted growth, obviously 
of osseous origin, in a boy of 14 years, B. Webb Wilcox*** ob- 
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tuned indiee giowth in three yean by the perriitent nae of 
2 graiitt (0.18 6m.) thymne night and morning. 

The vieir that these effects are due to the addition of phos- 
jj^rtiB in organic combination to the body is further sustained 
by the results of experimental observation by Hart and Nord- 
mann,*** that the thymus had a definite relation to assimilation, 
and that it took an active part in the resistance of the organism 
to infection. As I will show in the seomd volume, page 878, 
nucleo-proteid, in so far as its phosphorus in organic combination 
ia concerned, is an active participant in the immunising process. 


BRAIN AND NERVE SUBSTANCE ORGANOTHERAPY. 


While these agents have given good results, the theory that 
brain and nerve substance possess or produce an internal secre* 
tion has never been sustained scientifically. 

The clinical results, though‘ijuite discordant, particularly in 
the neuroses and psychoses in which these preparations have been 
tried, have shown a tendency to harmonize since the introduction 
by Sciallero*** of an oily extract. Page,*** who has obtained 
unusually good results in neurasilienia by means of injections 
of this extract, ascribes them to its antitoxic and antispasmodic 
effects. Wassermann and Takaki had previously shown tiiat 
tetanus toxin was neutralized by contact wjth brain substance, 
and that when a fatal dose of tetanus toxin was injected with 
brain substance the fatal effects were prevented. The sude 
observations were made in the case of hydrophobia by Babes; fii 
strychnine and morphine poisoning by Widal and Nobtoourt; in 
tetanus by Erokiewiai; in epilepsy by lion and also Kaplan, 
using PoehPs opocerebrin—^in accord with Dana’s experience 
several years earlier. Sciallero, who obtained encouraging results 
in neurasthenia, hysteria, chorea, ti(^ and epilepsy, used his oily 
extract "oephalopin” in doses varying from 1 to 5 e.c. (16 to 
81 minims). No untoward effects were obtained. 

Although it is very improbable that brain extracts injected 
into file tissues act as they do in the test-tube, it seems estab¬ 
lished tost they act much as do the Itoithlns on the mariost, ie.. 
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by fumBbing phoBjdiQriui to the organism in an assimilable form, 
or aa nncko-pxotei^ in enhan c ing the immunising process. Be 
this aa it may, these substances seem to haye produced effects 
which anggeat that they are worthy of further study. 


THE PINEAL GLAND ORGANOTHERAPY. 

The functions of this organ have not as yet been determinetl 
to any degree. It is no longer r^rded as a purely vestigial 
structure, however, tumors of the pineal as noted by Marburg'** 
and others being capable of causing obesity, while Ogle, Frankl 
Hodiwart,'*' and other clinicians have recorded marked precocity 
in young subjects, as to stature, genital development, and hair 
growth. These effects have also been ascribed to a secretory func¬ 
tion, but the results obtained from extracts of the gland have 
been contradictory, though these agents appeared to increase tho 
strength of the heart-beat 

A kinship wiOi the functions pituitary is suggested by many 
facts. From my viewpoint, it does not possess the characteris¬ 
tics of a secreting gland but, semningly, those of a nervous organ 
working in harmony with the pituitary body, through fibers 
which meet those originating from the latter organ, in tho 
region of and in tho corpora quadrigemina. The fact noted by 
Biedl'*' that in the adult animal the organ is "a negligible 
quantity** sustains my view, since a co-ordinating center can be 
sacrificed without permanent harm more readily than a secreting 
organ whose product should, as in the present case, deeply in- 
fiusnee metabolism, if the effects of orgamc lesimu of the organ 
are taken as standard. 

As a therapeutic agmit, Dana and Berkeley*** claim to have 
obtained improvement in backward children owing to its stimu¬ 
lating influence on general metabolism. 


HORMONE THERAPY. 

The word ‘‘hormone’* was applied by Starling to the group 
of substances secreted by various organs—-the ductless glands in 
the group studied in this work—which could enhance the fu^ 
timia of other organs. Precisely as I had held three years earlier 
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(the adrenal secretion exciting the thyroid, the pituitary, the 
pancreas, etc.); tlieee honnonee were shown hy Starling to 
reach the distant structures they influenced, throu^ the inter¬ 
mediary of the blood. 

While certain hormones influence various organs, others 
affect only one organ or a system of them. Bayliss and Starling 
termed “secretin’’ a hormone formed in the duodenal mucous 
membrane under the influence of hydrochloric acid from the 
stomach. Carried by the circulation to the intestinal mucosa, 
the pancreas, and the liver, it activates the production of the 
secretions produced by tliese organs. As 1 suggested in 1907 
(sec vol. ii, p. 861), this hormone presents several properties 
of adrenal extractives. 

Another hormone has been obtained from the gastric mucosa 
by Zuelzer, Dohm, and Marxer^^" which has been found to 
enhance peristalsis. It being impossible to obtain it in suffleient 
quantities from the stomach, it was sought elsewhere, and 
was found in ample quantities in the spleen—that junkshop in 
which red corpuscles (which, as 1 suggested in 1903, are the 
common carriers of tlie adrenal principle) are broken up along 
with otlier cells. This splenic hormone specifically stimulates 
intestinal peristalsis to a degree so remarkalde ttiat ^e intestinal 
movements in the experimental animal may be shown cinema- 
tographically ten to fifteen minutes after an intravenous injec¬ 
tion. The use of liquid preparations of the posterior pituitary 
(q.v.) has, however, advantageously supereeded it for the same 
purpose, being more lasting and less violent. 

PLURIQLANDULAR THERAPY. 

The simultaneous use of two or more glandular products, 
sometimes in conjunction with drugs, has been found advan¬ 
tageous in many disorders. This feature of the subject as a 
whole will be considered at the end of the second volume, in a 
supplement in which all diseases benefited by sudi treatment 
will be arranged alphabetically. 
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Ahemnt exophthalmic goiter. Sm | 
Hyporthyroldia,' nt. 

AbortioB. 16. 

habitual, corpua luteum In, 7M. 
Abacena, adrenal apoplexy In, 20. 
Accelerator cardiac phenomena. 446. 
Acceaaory thyroid glanda, 271. 

adrenala, 66. 

Ach<mdroplaala, 106. 

Acne, apermln In, 781. 

Acromegaly, 607. 
aathenic aUge, Oil. 
pathogeneala, 608. 
pathological anatomy of, 616. 
pathology of, 616. 
pituitary In, 611, 614, 771. 
athanto atage of, 610. 
symptomatology of, 611, 616, 608. 
treatment of, 018. 

Addlaon’a dlaeaM. 07. 
adrenal apoplexy In, 19, 10. 
adrenal gland in, 106, 764. 
grafting In. 101. 
pathogeneala of, 99. 
pituitary gland in, 770. 
poatarior pituitary body In, 614. 
apermlh In, 781. 
aymptomatology of, 99. 
trMtment of, 108. 

Adenoma, hamorrhagle, of tho ad* 
renala. 111. 

Adenonmtoua goiter, 161. 

AdlpoBla doloroaa, thyroid gland In, 
717. 

AdipMitaa oerebrallai 107. 

treatment of, 109. 

Adoleacant heart, U. 

Adrenal aptmloxy, 19, 10. 

In a b aceaa, 10. 
in Addlaon’a dlaenao, 19. 

In arterloaeleroala, 19. 

In dyaentery, bacillary, 19. 

In epliepay, 19. 

In menlngltla, 19. 


Adrenal apoplexy In pneumonia, 19. 

In purpura, 19. 

In renal dlaeaaea, II. 

In tubereuloala, 19. 
cortex. 60. 
extract, 760. 
hematoma. 126. 
diagnoala of. 128. 
pathogeneala of, 116. 
prognoala of. Ill. 
aymptomatology of, 126. 
treatment of, 119. 
hemorrhage, 116. 
and acute hyperadrenla. IIA 
diagnoala of, 123. 

In adulta, HI. 

In the child, itt. 

In the infant, in. 
pathogeneala of, 118. 

In adul* 111. 

In children, 110. 

In the newborn, 118. 
prognoala of, 114. 
aymptomatology of, 118. 

In adulta. 111. 

In ehlldron, 110. 

In the newborn, 118. 
treatment of, 114. 
hmmorrhaglc paeudoeyet. 111. 
InauIBcleney. 80. (See Jrypoodreafcl.) 
oreractlAty, glyeoauria aa a aymp- 
tom of, in. 

preparationa, general Indleatlona of, 
784. 
raata, 67. 

aecretlon a conatltuent of hmmo- 
globln, n. 

action on heart muaele. 4n. 
and functional acUTity, KO. 
aa a factor of tomperature, 88. 
na aourM of th* functional aetle- 
Hy of tho rl^t heart, 411. 
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Adraiul McratloB dMrtbated bjr tbe 
rad oorpuaelM m oxMlaliif 
agmt, n. 

la cw b ro ^ laal jtlawaa-e h a BB ato, 

ia It! nlatloa to roaptamtory (aae> 
tIBU, ist. 

la BiotalMdtaai, M. 
la palBianaiT (uifetlooa, ttl. (Boo 
aloo A4rmaU.} 
ia pulaiooory noplratioa, SB. 
oabaMlary, SB. 

sUiiaata ot iBoufflelenoy la Idlooy, 

too. 

ot raeooolva aotlTlty la tdloey, 801. 
■yotou, la oordioo faaeUooo, 411. 
aad ffMioratlTe tlaado. 478. 
aad tbo kidooyo, 407. 

00 tho foaadatioa of Immunity, 
880. 

tloonoo, ouMdlory. E5, S7. 

Adrenolla, 751. 

Adreaolo. Increaoed funotlonol oetlr- 
ity of the, 00 oauoe ot od* 
renal bmaorrhoge, SB. 
blood-supply of the, BS. 
oanoer of the, 187. 
dlogaools, 140. 
oymptomo, 188. 
treatment, l«l. 

Tarietlaa ot, 117. 
diaeaaeo of the, 4B. 
failure of. aa eauae ot dlaeaoa, 351 
tunotlona ot the, 4B. 
foteruliic center of the, 71. 
haamatoauta of, 181 
hamorrhage into. 111 
histology of the, 41 
la asoitao, 17. 

In ebloroform anamthanis. 1 
la general lateeUonai U 
In heart disease, 1 
la Idiocy, 887. 
la Immunity. 888. • 

in moatol delloleney, 877. 
la pulmonary disorders. 18. 
in renal diaorders, 11 
la aeroua offnsloai, 17. 

In thair relation to diaaaso mid 
treaiaieBt, 1 

aad raatf ratory ehamiam. 4B1 
lymphattea ot the, B1 
m a li g nan t hypemephioiaa ot the, 
m, 181 

narreoa mpply of, B1 
opiaao adrenal eommualaatlag flia- 
moata. 111 


Adrsaala, origin and structure ot the, 
41 

aareoma of, 18T. 

oUgmau of daBolent aotlvlty of, in 
Idtoey, 801 
otrueture of, 41 
AdreoDBldaBe, 87. 

blood.-P>ideleta as droplets ot. 84. 
Adults, adrenal hmmorrhage la, 18L 
dlagnosla of, 188. 
functional hypoadrcnla In, 85. 
prophylaxis aad treatment of, 84. 
Adynamia, general, thyroid gland in, 
710. 

Alcohol, actloB of, on aenrona. 888. 
Alcoholic Insanity, aeuroBB la, BOl 
Alopecia, 84. 

thyroid gland ia, 784. 

Amaurotic family Idiocy, 801 
Amblyopia In acromegaly, Bll 
Amenorrhina, corpus Inteum la, 770. 
Amyloid llTor, 41 

Aa^trophlo lateral aelmsla aad 
acromegaly, 811 

Anosthcaia as a ^nnptom at aoro- 
mcmily. B14. 

retraction ot neuroa-gemmnles dur¬ 
ing, Bll. 571 

Anthrax, suprarenal tfand In, 18. 
Anuria, auprarenal gland In. 11 
Apdthy's neuro-dbrils as plasau- 
(manaels, 540. 544, 681 
Appetite. exccasiTCv as a symptom of 
acromegaly, 511 
in glycosuria, 888. 

Arrhythmia, U. 

ArteriosclerosiB, adrenal apoplexy la, 
80. 

Arthritis, pituitary gland la, 771 
Arthritis detormana. thyroid gland la, 
87. 

Ascites, 17. 

suprarenal gland In, 17, 788. 
Asphyxia, adrenal gland la. 785, 784. 
Asiatic cholera, 11 
suprarenal gland In. 11 
Assimilation, neulrophlle lottooeytas 
In, 151 

Asthenia, aeuro-eartlae, 11 
Asthma, adrenal gland In. 14, 781, 718b 
bronchial. 14. 
pituitary gland la, 771 
thyroid gland la. TN. 
saprarsaal gland la. II. 
AngaMBtor cardiac pheaomeaa. 141^ 
451 . 
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AurlenUr flbrlllatloo. mpimroMl 
gUnd In. li. 

flatter, aapruennl fllnnfl In. 11. 
Azin-eylinflan m piMnuMlianndn, 
50 . 


Baekwnifl ohild, M. 

diagnonin and pnthogencnbi, >10. 
ptnenl gland In, MS. 
pItuitaiT gland In, 774. 
treatment of, SU. 

Bacterial tnfeetlon, adrenal gland In, 
TM. 

ML 

Boaedow’a dloeoae. 114. <See £eopft- 
Oolmle po^.) 

incomplete, m. (See Bitperthy- 
roldia.) 

BawmliUe leacocrteo, 680. 

tkppotbyreldla, chronic, 175. 
(See ffppoflkproidia.) 

Blllmbln. formation of, 300. 
Bl^-pIgmenU, hepatic, aao. 
Blood-plot *'*.0 00 droplets of odre*- 
noxldo . 04. 

Blood-otmply of ttie odrenolo, 5S. 
Bone necro^ thyroid gland In, 711. 
Brmin and cord, mlnate circulation of, 

SO. 

and nerro aubatance organotherapy, 

m 

extract, 788. 
lower. Identity of, 488. 
nenroglla-flbere no the capillary eye- 
tem of, 681 

Brlght'o dloeoae, kidney in, 784. 
Bromldeo, action of, on neurone, 611 
Bronchocalo, 841 

Bronchopneumonia, pituitary gland in, 
770. 

ouproranal gland In, 18. 

Bronilng, a eymptom of adToneod od- 
fuiul Ina^elency, 616. 

Bulimia on a ojmmtom of acromegaly, 
611 

In glycoourlo, 881 

0 

Cachexia paratbyre^ra. Ttt. (See 
Hypoporattprold fetanp.) 
Ooneer, adrenal gland In, 767. 
of the adrenolo. 1>7. 

of, 141 
■ymptoma at, 1>8. 
thyroid gland In. 7W. 
trentnuBt of, 141 

Capillary brnmorrhoge. adrenal gland 
hi. 706. 


Cardiac dtoordero, adrenal gland In, 
761 786^ 

oothenlo, adrenal gland In, 706. 
pituitary gland In. TOT. 

Carotid glonda, 66. 

CaUrrhol dleordore. 14. 

Cepholopln, 1B1 

Cerehrooplnol enhatanee, minute cir¬ 
culation of,* 60S. 

Childhood, functional hypoodrenla of, 
81 

propbyloxla and treatment of, 

88 . 

Children, adrenal hMnorrhage In, 110. 
dlognoola of. 131 

Chloroform, action of, on neurone, 
613. 

auBotheala, 1 

heart-failure In, euprarenal gland 
In, 1 

Cholera, Aolotlea, 11 
■permln in, TU. 
euprarenal gland In, 18. 

Choleraic dlorrhina, 11 
auprorenal gland In, 18. 

Chorea, cepholopln In, 781 
pituiurr extmrt in, 773. 

Chromaflin eyetem, 46. 

Chronic eonetipation, hormone therapy 
In. 790. 

Clrrboola of the llrer, atrophic, etiol¬ 
ogy of, >47. 

alcoholic, etiology of, 347. 
portal, 41. 
treatment, 41. 

Coccygeal body, 61 
Oollapoe, adrenal gland In, 764. 784. 
from hmmorrboge, adrenal gland in, 
784. 

Colloid goiter. 880. 

Congenital goiter, 318. 

ConeUpation, chronic, hormone ther¬ 
apy in. 780. 

Conetrictlee goiter, 883. 

Cord, mlnate anatomy of. 681. 
nearngHa-Hbera oa the capillary 
eyotem of, 681. 

Corpun luteum, 470. _ 
extract, 777, 778. 

Cortex of the odrenala, H 
Cretiniam, 183. 
endemic, 181 
etiology, in 
patho^eala n. Ill 
pathology ol 181 
pooterlor pituitary body In, 81A 
oporadle,^ 187. 

I eymptomatology of, 181 
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CrtUolim, tlqrroM giud la, flO. 

traatmeot of, IM, 

CiwUaoU Idloer, UT. 

‘ pMbydamla, U7. 

Oyitle goiter, M. 

C]«ta, bmnorriuglo, fU. 

DeefaeM m a aymptom of acromegaly, 
BU. , 

Degeaeratlre goiter, X». 

bypothyroid goiter, tEB. 

Delumona ao a i^mptom of acro- 
aiegaly, BU. 

Dementia praecox, 30, BIS. 
lymptomatology, early, I3B. 
treatment, 141. 
laoltUni in, 341 
nucleinatei In, 843. 
thymua gland in, 341. 

Deroum’a dleeaie, thyroM gland in, 
717 . 

Dermatitla herpetlformii, thyroid 
gland in, 734. 

Dlabetei mellltM, H (Boo alio 
Olgtoturta.) 
treatment, II 39, 40. 
aathenie' pbaae, 37, 40. 

hypophyeii eleca in, 40. 

, ..paacreatio lubitance in, 40. 

panereatin In, 40. 

Btbenlo phaM, 17. 

Diabetea lompMua, 40. 

bypopbyilfl ilcca in, 4L 
Diabetto coma, 3B1 
Diarrhoa, choleialo, U. 

auprarenal gland in, 11' 

DIgMtiTo appamtna. (Bee /nlMtiao*, 
Ueer, Panrrtu, and BtomaA.) 
Diphtheria, pituitary glaad in, 771 
apermln in, 781. 

Dyeentery, bacillary, adrenal apoplexy 
in, U. 

Dyifhnction of the tntoraal Mere* 
tloni, diiordera due to, SIB. 
Dyimenorrhea, corput Intwm la, 779. 
Dyopaoa ai a lymptom of acro¬ 
megaly, 611 Ell 
Dyotropbla adlpoao-genitalii, 307. 
treatment ot, 939. 

lolampala, thyroid glaad In, 719. 
Beoama, 14. 

ohroaio, thyroid gland In, 791 
of young eblldron, thyroid gland in, 
711 

toolkalar. extract in, 793. 

Bttnmona, adnnal glud 1^ 17, 7U. 
Bade m le oretlalam, 191 


EndoeardlUo, 91 
etiology el 941 
.pathogeaaila, 91 91 91 
treatment, 91 
Baureria, 94. 

thyroid glaad la, 799. 

BoolnophUo lencooytca, 997. 

Bpilepv, adrenal apt^exy In, H 
ai manlfeatatlimi of exceadre motor 
aeUflty, BOl 
brain lubatanoe In, 791 
ccphalopin in, 781 
kidney gland In, 781 784. 
opocerebrin in, 781 
thyroid gland in, 710, 711 
Bpinepbrin, TEL 

Bryaipelaa, pituitary gland in. 771 
■uprarenal gland in, U. 
thyroid gland in, 711 
Brytbromelalgia In acromegaly. Ell 
Bxaatbemata, thyroid glaad in, TIL 
Exophthalmic m>iter, 814. 

aberrant, 17E, (Bee BypothyroMla.) 
asthenic or myxeedematous sthge 
of, BU 

enlarged thymua as complicating 
factor of, 991 
~ etioiogy of, 317, 

larrai, 9U. (See BtptrUtnlMa.'i 
myxmdematous stage of. 111 197. 
operative risks and results In, 941. 
pathogenesie of, 818. 
pituitary glaad In, 773. 
posterfor pituitary body in, B14. 
sthottie or Bret stai^ of, 117. 
surgical treatment of, W. 
symptomatology of, 811 
thymus gland in, 711 
transition-Stage of, 881, 8Bi, 197. 
treatment of, 991 

Febrile infections, thyroid gland In, 
799. 

Fever, genesis of, BU 
latemal. secretions la, BU 
leucocytes In, BBk 
Fibrous goiter, 3EL 
Fmtal rickets, 801 

Foramina Thebeall in oardlao funs- 
tloas, 481. 441 

Forme tmste do la maladlo do Base¬ 
dow, 811 (Boo BtptrOi/roUft.} 
Fractures, thyreli glaad |a, fU 
mUioh’s dtaeaesk 907. 
treatmant ot 901 

Functional activity of the brain 
oenne retraction of the aou- 
nm-garnmnlea, E17, B71 
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Fuaettoiial MttTltr of tho right hoort, 
•draul McnUon u tho oourco 
of, 411. 

Oongnoe, goaoono, ■upnumuU gtaoA 

IB, U. 

OoBoimtlTO giBBda, odroBol lyotom 
oBd, 4TS. 

Oorloch’o flben oo pIanBa>ehBnBelo, 
MS. 

fllgontloBi. 807. 

aiTOOgoa oBd lU fonBotiOB, SSI. 
aircooBrio, M. (Boo oloo lMabete§.} 

U B OjrBiptOBI of OdrOBOl looufll- 
eloaejr, 805. 

H • oraipbnB of adrenal oreractlT- 
Itjr, SOS. SOS. 

as a Bimptom of oseoaalTo fomia- 
tloa of destroae^ S8T. 
eomai Ib, SSS. 
dmga as a oauae of, SOS. 
BOB-ooBTortod sugar aad, SOS. 
pituitary and, 7$, 
ptyallB and, 418. 
teatleular eatraet In, 78S. 
treatment, 88. 

Ofltter, S4S. 
adenomatoua, SOI. 
colloid, SOO. 
congenital, STS. 
symptoms of, sn. 
treatment of, STS. 
constrlctlTC, SOS. 
cystic, S81. 
degeneratlTO, SOB. 

opmmtlTe risks aad results of, SCO. 
surgical treatment of, S88. 
symptoms, SOS. 
tisatment, 805. 
etiology of, S44, 

eiophthalmlc, S14. (See Exophthal- 
Stic goUtr.) 
flbrons, SSI. 
hmmonhaglc. SSS. 
hyperthyrold or tonic, SSS. 

treatment of, 158. 
hypothyroid degeneratlye, 158. 
treatment of, 805. 
surgical, SOS. 

In tho newborn, m. 
ladammatlon of a, 874. (See Sira* 
silNc.) 

iBtrathoracle, SSI. 
lingual, SM. 
malignant, STB. 

treatment of, SIL 
atanple hypothyroid B 0 B*tazle. SIS. 
pathology, of, IBL 


Goiter, simple hypothyroid Bon<tosle, 
prognosis of, 151. 
treatment of, 151. 
thyroid gland In, 728. 

TarieUes of, 147. 

Ooltroua accessory glands, 171. 

Qolgl's Sbers as plssnm*ebsanels, 008. 

Oonorrheal arthritis, pituitary gland 
In, 775. • 

Oout, testicular estract In, 781. 

Qraallan follicles, 480. 

Orayes’s diaeaae, 114. (See ISropS* 
Ihslaile poller.) 

Growth, stunted, pituitary gland In, 
778. 

Hamatoma, adrenal. 181 

Hemoglobin, adrenal seeretloo a eon* 
MItuent of, 61 

as the oxidising agent of the. 60. 
diaao el atlon of. In glycosuria, M5. 
formation of, S60. 

Hemophilia, thyroid gland in, 716. 

Hemoptysia, pituitary gland in. 770. 

Hemorrhage, adrenal. 111 
adrenal gland In, 765, 706. 
of genital ayatem, pituitary gland 
In. 760. 

Hemorrhagic adenoma of the adre- 
nala, 131 

adrenal paeudocyst, lH 
cysts, SOI. 
goiter, 261. 

Hair, coarseaeaa of, and adrenal In* 
sufflelency, 515. 

Haller'a flbers as plasma*channela, 
601 

Hay fever, adrenalin ointment'In, 761. 

Headache, pressure as a aource of, 
611 

Heart, accelerator pbeoMnena of, 446. 
adrenal secretion In functions of, 
481, 4SS. 

augmentor phenomena of, 440. 
diseases and treatment of, 1 
adolescence, 11. 
acute Infections, U. 
acute myocarditis, S41 
arrhythmias, 11, 18. 
asthenia, neuro*cardiae, 11. 
auricular ShrlllatloB, IL 
auricular flutter, IS. 
chloroform failure, 1 
endocarditis, 81 S46. 
failure of, 8, B, lOB, 1W. 
beart*bloeh, 11 
hypertrophy, 511 
irritable, 11. 
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Omurn u4 ttMtsMpt «l, pal* 
piutlou, nik Bli. 
parlcudltlB, M. 

■anltab-t. 

nifSlcal. 76B. m. 1M. 

TKlTiiUr aiMue, MB. 
ftmiBliUk TbabMil In, 4tl, ML 
fnnotionnl meobnnlni of. 4B1 
inhibitor pbenmncnn of, MB, Ml. 
Innemtlon of, M4. 
loueocytM and nutrition of. Ml. 

Hepntlc dlaorders. (Boo Uver.) 

Hip-Joint dlMOM, thprold gland In, 

m. 

Hiatologr oC adrenalfl, 48 l 

Honnono thompp, 7BB. 

Hpallne oolln, B6I. 

Hjrdropbobla, tmUn aubatanco in, 788. 

HrpOradronaliani^ IIB. 

HpporadnniB, llB,' 
aonto, 118. 

HppanBmla, tbproid, 10& 

HppenMtbeola, tbo poaterlor pitnltarp 
bodp and. SU. 

HpperomaBia grarldarum, ooipuB lu> 
tram in, 788. 

Hppornepbrmna, U8. 
dlagnoaia of. 181. IM. 
malignanL of tbo adrenala, ISli 188. 
of tbo kidnopa, 188. 
patbogenealB of. 188. 
pathologp of, 188. 
prognoala of, 117. 

■pmptomatologp of, lS(k 
troatmont of, Itf. 

Hppwthormla, 8M. 

Hppeitbproid or tozie goiter, 888. 

Hppertbproidla, 818. 

HpportbprMdlam, 818. (Beo Hoportfeg- 
foidlo.) 

Hppertropble roaaoea, tbproid gland 
in, 7M. 

Hppoadrraaliam, 88. 

Hppoadrenia, 88. 

ebronic progreoatra, 87. (Baa dddi- 
aon’a diaaoaa.) 
tunetional, 88. 
in tha adult, 8B. 

pnvbplaala and traatmmt of, 

8 «. 

in eblldhood, 88. 

pnpbplanta and troatmont of, 88. 
of infanep and ebtidbood, 88. 

prophplaala and troatmont of, 88. 
Of old ago, 88. 

pnmbplaxla and treatment of. 84, 

88 . 

piophplaala of, 88. 


^poadmla. fnnotloaal, tTratmaat of 

88 . 

terminal, 188. 
patbimraoala of, llik 
pathologp of, UL 
apmptomatologp, m 
treatment, 118 . 

Hppopantbproid tetanp, 78L 
non-operatipeb 748. 
poBt-operatlTo. 741 
apmptomatologp of, 741 
troatmont of, 744. 

nppojmrathproMa. 741. (Bee ifppo- 
porntbproM tetang.) 

Hppopbpala. (Bee iNfoite^.) 

Hppothprold degenerattre goiUr, 888. 
non-tiaie goiter, aimple, 841 

Hppotbproldia, 17B. 
etiahw of, 188. 
larrM tppe, M. 
pathologp of, 181 

progreaaivob 188. (Bee JfpoadeaM.) 
apmptomatologp oi, 177. 
treatment of, U4. 

Hppothproidiam, 171 (See Hwothf- 
roidlo.) 

Hpaterectomp, corpua iuteum after, 
778. 

Hpaterla, oepbalopin in, 781 


lebthpoaia, tbproid gland in. 784. 
Idlocp, 877. 
adrenala in, 887. 
amaurotic famllp, 808. 
treatment, 801 

and dlaeaae of the pituitarp bodiaa, 
611 

cretinoid, 187. 

Mongollaa, 888. 

eUologp and patbogeneaia of, 881 
pathologp of, 884. 
treatment of. 881 
mpxcedematoua, 187. 
pituitarp gland in, 771 
aUgnmta of adrenal Inaufllciencp in, 
800. 

of tbo adrmal cortex, 801 
of exeoaalvo aetlvitp of the adrenal 
cortex in, 881. 

Immnnitp, 881 
adrmal apatem in, 8Mi 
adrenala In. 888. 
internal aocretlona in, 881 
kidnepa In. 471 
Iraeoeptaa In, 881 88L 
in their relation to, Btt. 

Bimplifled tboorp of, 881 
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laBBBltr. thynpwvtliyraM wpanuw 

IB. i4i. ea. 

ImBiaiiiitiiB centar, pltaltuy body oo 
tbo oMt of the. CM. 
aioOliaBlom, mode of oetton of the, 

ImpotoBce. teetlcttler eztraet In. m 
iBOOBiplele BoMdow's dloeaoe, tU. 
myscideniB, MB. 

Inihacy, adrenol bmmorriiace In. US, 

m 

(BBethmal hypoadrenle In, 8L 
prophylula dtad treotmeot of, BO. 
Infentlle genentlTe otBun, corpue 
Inteam ia. 7m). 

. BtyxoBdoBia, US. 
tafoatiltna. Lorain type et. EM. 
Moagotlu, EE. 
myamdemetoun, Etl. 
lafeotlone, general, and treotment of, 
U. 

aathraa, U. 
cholera, Aelntlen, IS. 
oholerale dtarrhan, U. 
dyeentery, bnelllnry, U. 
eryetpOlna, U. 
gangrene, gneeoue, U. 
inllnenaa, U. 
malnila, pernlehrae, tt. 
meaelee, U. 
pneumonia, U, SO. 
ecarlatlna. IS. 
aoptloemla, U. 
typhoid terer, 18. 

Infeetloua dlaeaseo, pitnltary. gland In, 

m 

thyrald gland In, 711. 
treatment of, SSI. 

Influenaa, SBS. 

adrenal apoplexy In. 8SS, SIT. 
etiology of, SBS. 
pituitary gland In, 770. 
anprarenal gland In, IS. 
trentmeat, IBS. 

Infundibular entraet, TOT. 

Inblhltloa, actlre. of heart due to ex- 
ceealTO nerroua atlmulatlon, 
44S, 4SS. 

lablblton of adrenal functlone, tox- 
tan, polaona. Tenoma, and 
drnga la large doaaa aa. IS. 
Innerratlon of the heart, 444. 
Inaanlty, aleohoUe. nenrona In. BSO. 
the poeterlor pituitary body In, BIS. 
thyroid gland In, Til. 
laauSlcleBey of the adrenala. SO. 
Interaal oeerethma and organotherapy, 
TOO. 


latoraal oeeratloBB. dlaorden dao to 

dyafuBcUoB of, IS. 

In practice. 1. 

of the pancreaa and apleen, SSI 
oreracUre, pathological effect! ol, 
S4S. 

Inter-renal tleauea, aubetdlary, BB, BT. 
IntenMItlal gland, 480. 

Intestinal occlusion, hormone therapy 
In. 780. 

pareals, pituiury gland in, TT4. 
post-operatlTe, hormone therapy 
In, 7S0. 

Inteotlnea, diaenaes of, S4S. 

typhoid ferer, aUology of, 84S. 
Intratboracic goiter, SSI. 

Irritable heart, 11. 

Jaundice, maUgnant. ettology of, 84T. 

KIdneya, adrenal syatem and the, 4S7. 
extract, 70S, 7S8. 
hypernephroma of the, 1S8. 
organotherapy, 782. 

Bee also Renal Diaorders. 

Lactation, mammary gland extract In, 
T8S. 

Larval exophthalmic goiter, SIS. 
Lecithin as the active body of myelin, 
BS4. Ba. 

Ldpine's glycolytic ferment as oxidis¬ 
ing substanee, 411, 4IS. 

I^eprosy, thyroid extract In. TSB. 
Leucocyte granulations as secretory 
prodneta, S44. 

Leucocytes, baaophlle. SSO. 
elaasISratlons of, SEO. 
eoeinophlle, tST. 
functional mechanism of, SSO. 
graaulea In, 444. 

In Immunity, SSI. 

and fever, SSO. 
neutrophlle, BBS. 

In assimilation. SB4. 
pbyslaloglcal chemistry of, 847. 
ralatlon to nutriUon, organic func¬ 
tions, and Immunity, SIS. 
Leueorriiaa, X. 

Life, the pituitary bodies as co-centers 
la sustaining, 4IS. 

Lingual goiter. Sit. 

Liver, hlood-pigmentt of. ISO. 
diseeaes and treatment of. 41. 
acute yellow atrophy of, 4S, S4T, 
amyloid. 4S. 

elrrhasls,'aleiUolle. 84T. 
atrophic, 147. 
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Utw, AImuw aad trMtBMUt «t, tir-. 
rboili, portal, 4L 

jaanaioo, malignaat, etiology of, 
W- 

hepatle artery, tuoetieiial tomoIo of, 

aao.. 

bopado ceil-cualienll. Ml. 
hepatlo tlHuai la their rolaUoaa to 
bacteria, M0. u 
geaoal funcUoa of. IfOi 
minvte aa tomy of, SID. 
paaoreaa aad epleea, comblaed fuae- 
turns of, M>. 

pbyBioO-cbeiBloal fuaetioae, 810. 

liorala typo of iotaattUsm, 104. 

Iiower brala, tunotloni of, 481. 

Luaga, adreaal eyetem la fuaetioae of 
the, 411. (Boa alee Aeepiratlos.) 
dleordera aad treatnent of, U. 
adreaala la, 11. 
astbma, broaobial, 14. 
pleurisy, X, 148. 
paeunoala, lobar, U. 
sealle, 11. 

tuberculosis, 10, 17. 
laaerradoa of, 4M. 
oenro*rasoolar ateobaolsai of, 4M. 

Lupus, thyroid glaod la, 786. 

Luteia, 780. 

Lymphatics of the adreaals. 64. 

l^mpbocytao aad byallae cells, 861. 

Malarial feTsr, peralctoua, aupra- 
raaal duiad la, 11. 

Malignaat goiter, ITU 
hypernephroma of the adrenals, m, 

in. 

neoplasms,,thyrol^gland In, 711. 

Mammary gland, TX. 

Marasmus, spennin In, 711 

Measles, suprarenal gland la, 10. 

Melancholia as a symptom of adrensl 
InaulllaleBcy, 613. 
testteular eitract la, TX. 

Mealagttla, adrenal mMplev In, X. 

Menopause, corpus luteum extract In, 
776. 

onrten extract la, 777. 
thyroM gland la, 711 

Meaor-aagla, pituitary glaad la, 7X. 

Menstrual dtsorders, corpus luteum In, 
776. 

Mental baehvardnesa la children, 1)7. 
adrenals la, 177. 
pltulury la, 177, 771 
thymus la, 1)7. 
thyrrtd In, 177, 171 
prophylaxis of, Xl ^ 


Mental bgBkirordnasa la ehlldnn. 
prophylaxis of, eutaaoous son* 
MbUlty, m 
hearing, IH 

seaees, deralopmmit of, la. m. 
smell, m. 
taste, m. 

TMon, m. 

Mental dlaeaees, X. 

pituitary gland In, 771. 
pbenmnena of acromegaly, 611 614. 

Metabolic disorders and treatnMnt of, 
X. « 

diabetes mellltus, H 
glycosuria, 16.' 

Metroirhagla, X. 
pituitary glaad in, TX. 

Mlcrosomes, 644. 

Migraine, M. 
thyroid gland la, 710. 

Mltoma, 611 

Mitral disorders, pituitary glaad la, 
761 

Mongolbui Idiocy, IX. 

InfLatlllsm, Ml 

Morphine, action on neurons, 6X, 6X. 
poteonlng, brain substance in. 7M. 

Motor areas of gray substance as e«i- 
sory aieas, 601 

Muscular atrophy In acromegaly, 614. 
hypemutrttion and adrenal orer* 
activity, 611 

weahness and adrenal Insulllclency, 
611 

Myasthenia, pituitary gland In, 771 
thyroid gland la, 710. 
bulbo-spinal, ovarian extract in, 771 
pituitary gland In, 773. 

Myelin and the functional energy of 
nerves, 684, 6M, 643. 

Myocarditis, acute, etiology of, SX. 
chronic, pituitary gland In, 768. 

Myopathic* pituitary glaad in, 771 

Myxeedema, 181 
etiology of, 101. 

Incomplete, in, 

Infaatlle, 181 
pathogenesis of, 181 UL 
pathology of. 101. 
posterior pituitary body la, HI 
symptomatology of, 181 
thyroM gland In, 711 
treatment of, IM, 

Myxoedeatatoas Idiocy, Iff. 

Infantilism, XL 
diagnosis of, 804. 
pathogea e els of, 801. 
ny m pt onmtology, lOL 
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MyMdWMUwH IntanUlInn, tnwtmeat 
of, KM. 

llyxcsdtaia truBte, 175. 

Norwriepiqr In uraniagnlr, lit. 
NooKrttIn, 784. 

NeidirltU, ociito, 15, 18. 

•npruonnl gland In, It. 
chronic, U, II, 17. 
kldnejr extract In. 784. 
aepbrittn In, 784. 

■uprarennl gland In, 18, 

Morre aubatance in neuraathonla, 788. 

organotherapy, 788. 

Nerre>nttpply of the adrenala, 54. 
Nerrea, myelin r- amirce of energy 
In,. 634, 538, S4S. 
phyalological chemletry of, SSL 
Nerroua dlaeaaea, pituitary gland in. 
778. 

energy, aource of, 6SS, 638, 643. 
ayatem, diaorden of, 348. 

myelitia, acute, etiology of, 850. 
tahea doraalla, etiology of, 350. 
aomatlo center of. 483, 601. 
Including neurona, compoaed of 
plaanUfSbrlla aurrounded by 
myelin. 680. 

poaterior pituitary body aa aom- 
atlc center of, 681. 

Neuralgia, adrmial gland In, 785. 

In acromegaly, 514. 

Neuraathenla, brain and nerre aub¬ 
atance In. 788. 
cepbalopin In, 788. 
pituitary gland In, 773. 
teatlcular extract In. W. 
thyroid gland In, 710. 

NeurltIa, adrenal gland In, 785. 
Neuroglla-celia aa llnka between elr- 
culttlott and neurone, 670, 688. 
•tben aa plamna-channela, 540, 643. 
•flbrila of the brain and cord, tbeir 
capillary aupply, 683. 

Neuron, elreulatlen of, 538. 668. 
direct continuation of circulation by 
aome of Its dendritea, 663. 
functlona of gemmulen, 677. 
hlatology of, 611. 

lecithin, the functional ground-aub- 
atance of, 667. 
lymph-chaanela of, 588. 
phyalological ebemlatry of, 518, 663. 
phyalology of. 518. 

tranamlaaion bf vibratlona between, 
678. 681. 

rarlcoaily of, in Catlgne and aleop, 
533. 


Nentrophlle leucoeyteo,* 853. 

In aaalmliallon, 864. 

Newborn, goiter In the, 371 
Non-toxic hypothyroid goiter, aimple, 
341 

Numbneaa in eaeheetle atage or acro- 
m^ly, 514. 

Nutrition, leueoeytea In. 833. 

Obealty, teatlcular extract In, 783. 

thyroid gland In, 710, 734. 

Obatetrlca, pituitary gland In, 788. 
Old age, functional hypoadrenia of, 
81 

prophylaxia and treatment of, 88. 
oophorectomy, corpua luteum after, 
778. 

Opocerebrin In epllepay, 781 
Opaonln, 31. 

Opaonina enbance phagoeytoalB, how, 
881 

Wiigbt’a, thyroparathyrold accre¬ 
tion aa, 183. 

Optic atrophy la acromegaly, 615. 
OrehlUc organotherapy, 781. 

Organ of Zuckcrkandl. 58. 

Organic functlona, leucocyte In Ita re¬ 
lation to, 833. 

prcparatlona, fundamental principle 
of the action of, 700. 
Organotherapy, adrenal, 760. 
brain aubatance, 788. 
corpua luteum, 778. 
internal accretlona and. 700. 
kidneya, 783. 
mammary gland, 786. 
nerre aubatance, 781 
orchitle, 781. . 

orarlan, 778. 
parathyroid, 788. 
pineal gland, 788. 
pituitary, 785. 
teatlcular, 781. 
tbymua, 781 
thyroid. 701 

Oatcomalacia. thyroid gland In. 711 
OateomyellUa, thyroid gland In, 711 
Orarlan extract, 703, 778. 

Orarlea, adrenal aecretloa la, 471 
Oxidation, thyroparatbyrold apparatua 
In, 143. 

Oxldlaing aubatance, action on heart 
mnaele of, 431 

Paehydcnnla, cretinoid, 187. 
Pachymenlttgltla aa a aymptom of 
acromegaly. 611. 

Pancreas, dlaeaaea, of. 348. 
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PuwNU. MVie puerMttUa, eUology 

Mt. 

tuaetloiuil mechaninn of. Ml, SK. 

*». 

gmerol function of, NO. 

In eardlae Alaordon, St. 
in dlnbotao Inolpldao. Mi 
In d'lMOM and traatmont, 11. 

In hopatic dliordela, 41. 

In metabollo dlaordera, 16. 
la TalTular dlaordera, n. 
intamal aaoration of. an, MO. 
rolattonahlp between tbe apleen and, 
M7. 

In the formation of glyewn. Ml. . 
Panereatttln, acute, etloI<wy, 146. 
Parmatheala. the poaterlor pltulUry 
body and, 611, 614. 

Paralyala agitana, parathyroid gland 
In. 747. 

btaticular extract In, 781. 

Parathyroid gland, 716. 

tetany, 741. 

Parathyrolda, dual tuneUon theory of 
the. 147. 

eSecta of tbe Internal aeoretlon of 
the. IM 

funcUona of the, preTatlIng rlewa aa 
to the, 141. 
remoTal of, 146. 

Parry’a dlaeaae, 114. 

Pericardltla, H. 

Perltonltla, 86. 

Phagoeytoala. how opoonina enhanca, 

666 . 

>hlarldaitt and glycoaurta. 861 
*honphorua aa aotlTe principle of 
leolthla, 681 , 

aa aetire principle of Bayelln. 641 
cellular, thyroparathyrold aecreUoa 
aa aa oxidation actlrator on. 
161. 

aerroua eneivy and. 681 6M, 641 
pootarior pituitary body and, 688. 
proporUon of. In nuclein, 681 
lerre llarie'a dlaeaae, 667. 
meal gland, 786. 

In backward children, 7M. 
imitary-adrenal nerve, governing 
center of the adronala, 71. 
Itultniy and glycoaurla, 71 
bodlea aa co-centera In auatalning 
vltid proceaaea, 481, 661. 
phytogeny of, Ml. 
bo^ aa the aeat of the immunising 
center, 614. 
body aa the aeat of thyrmtarathyrold 
center, 161 


PItuftary My in mental delleleney, 

in. 

.posterior, as an aggregate of neu¬ 
rons, 661 

. aa central aensorinm, 681 
aa general cMiter of nervous sys¬ 
tem. 481 ai 6M. 
as somatic center of the nervous 
system, 661. 
histology of. «8,^6(I6. 
physlalogy of, 481 881, 
extract, 704, 766. . 

PItultrIn. 767. 

Pleurisy, 86, 846 

Pneumonia, adrenal apoplexy In. 16. 
pituitary gland In, 776. 
suprarenal gland In. 18. 
senile, 11 

pituitary gland In. 11 
suprarenal gland In, 11 
treatment of, 11 
Polydipsia In acromegaly, 616. 

Polyuria and adrenal Inaufflciency, 
611 

Post-operative Intestinal paralysis, 
hormone therapy In. 780. 
Progressive hypoadrenla. chronic, 67. 

(See Addlaon't litoensc.) 
Progressive hypothyroldia, 186. (See 
JfymnleMa.) 

Prurigo, thyroid gland In, 714. 

Pruritus vulvB of menopause, corpus; 

luteum in, 778. 

Pseudo-Oraves’s disease, 818. 

Psoriasis, testicular extritct In. 781 
thyroid gland In, Tilt 786. 

Puerperal Intoxication, kidney extract 
In, 784. 

Pulmonary system. Innervation of, 464. 
Purpura, adrenal apoplexy la, 16. 

Rachitis. (See Ricfeefs.) 

Removal of the parathyroids. 141 
of tbe thyroid, 144. 

Renal disorders and treatment of, 18. 
adrenals In, 11 
anuria, 11 
ascites, 17. 

nephritis, acute, 16, 16. 

chronic. 16, 11 
serous eSuslona, 17. 
chronic, adrenal apoplexy m. 86. 
extract, 768. 781 

Respiration, aervo-vaacular mechan¬ 
ism and, 464. 
physiology of, 468, 464. 
pulmonary, adrenal secretion In. 61 
Respiratory center. Identity of, 464. 



IMMX. 


801 


BMplntary dlaordara. adraud. tiud 
In. m. 

(nnetlons. ndnnal seentlon and, 463. 
aratam, ionarrathm of, 464. 
RhanmaUe artkrtila, pltnlt^ (land 
la, T76. 

RboHinatlc diaordara, IS. 

nalaa In acromegaly, 5U, Eli. 
Rheumatlam, O. 
apermln In, 781 
thyroid gland la, H 
articular, td. 

chronic, thyroid gland in, 711 TV. 
Rickets and adrenal InauIBciency, 516. 

fatal, 106. 

pituitary gland lo. 776. 
tbymua gland In. 787. 
thyroid gland In, 711 
Roaacaa, hypertrophic, thyroid ex¬ 
tract In, 716. 

Sarcoma of the adrenals, 137. 
Scarlatina, suprarenal gland In. If. 
Scleroderma, thyroid gland In, 785. 
Seborrhcea, thyroid gland in, TV. . 
Secretin, 7M. 

Senile heart, 8. 

suprarenal gland In, 10. 
pneumonia, 11 
pituitary gland In, 13. 
suprarenal gland In, 18. 
treatment of, 13. 

Senaorlum commune, 6M. 

Sqiticemla, suprarenal gland In, 18, 
764. 

thyroid gland In. 738. 

Serous effusions, 17. 

suprarenal gland In. IT. 

Shock, adrenal gland In, 764, 784. 
pituitary extract In. 781 
remoral of adrenals and, 3. 

Skin diseases, thyroid gland In, 734. 
Bleep and cerebral ischemia, 611 
retraction of the neuron-gemmulea 
during, 677, 671 
Spermln. 471 703, 783. 

Spleen as a lencocytogenic center, 380. 
functional mechanism, 386, 388. 
geneial funcUon of, 360. 
internal secreUon of, 363, 430. 
relationship between the pancreas 
and, 367. 

Splenic Tein, ileer and the. 381. 
path for aplano-panereatle aecre- 
tloa, 387. 

Spleno-pancreatlc Internal secretions, 
381 383. 430. 


Spleno-pandreatlo intemnl soeiotions, 
action of, on albuminoid pois¬ 
ons, 388. 383, 401 
Sporadic cretinism, 187. 

Status byp<mentbyre«mrlvus, 741. 
pamthyreoprlTUs, 741. 
eSterlllty, corpus luteum extract in, 
780. 

Stigmata of deflclMt adrenal activity 
in idiocy, 300. 

of deBolmt adrenal cortex actiyity 
In Idiocy, 300. 

ot deSclent thymus actlelty, 388. 
of deSdrnt thyroid activity ■ In 
idiocy, 371 

of excessive sdrensl cortex activity 
In Idiocy, 301. 

Struma, 348. (See Oolttr.) 

gelatinosum, 380. 

Strumitis, 374. 
prognosis of, 376. 
symptoms of, 374. 
treatment of. 376. 

Strychnine poisoning, brain aubsUnoe 
In. 788. 

Stunted growth, pituitary in. 771 
Submersion, adrenal gland In, 784. 
Subsidiary adrenal and Interrenal 
tissues, 66, 67. 

.Suprarenal. (See Aartnal.) 
apoplexy, 18, 30. 

Surgical diseases, adrenal gland in, 
761 

disorders, thyroid gland la, 737. 
heart-failure, adrenal gland In, 766, 
764. 

septlcmmla, adrenal gland In. 784. 
Sweating and adrenal InsnScleacy, 
611 

Syphilis, apermln in. 783. 

thyroid gland In, 7U. 

Syringomyelia and acromegaly. 614. 

Tabes, testicular extract In, 781 
Tachycardia, pituitary gland in, 788. 
Temperature, action of, adrenal se¬ 
cretion on, 81 
Terminal bypoadrenla, 188. 
pathogenesis of. UO. 
pathology of. 111. 
symptomatology of, 110. 
treatment ot. 111 

Testicles, adrenal secreUon In, 473. 
Testicular extract, 703, 781. 

organotherapy, 703, 780, 783. 

Tetania parathyreopriva. 741. 

Tetanua, brain substaoee la, 781 
Tetany, hypoparatbyrold. 741 
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TaUar. tbirgM glMid In, 710. 

Tlijiniu. dafleteot acUTltr. aticiiwta 
of, MS. 

Milucad, •• camplteatlng factor of 
ezophtlialiBlo getter. KS. 
gland, 788. 

tanettona of the, 180. 
in mental deflclener, >77. 

Btigmata of defle1eii.t activity of, 188. 
Thyroid activity, deficient, atigmata 
of. 188. 

apparatua in mental deficiency, 178. 
dlaeaaea of, thymua gland Ini 788. 
dual function theory of the, 147. 
effecta of Internal aecretlon of, 148. 
gland organotherapy, 708. 
funotlona of the, 143. 
hypenemla, 108. 
dlagnoata of, 100. 
ajrmptomatology of, 107. ** 

' treatment of, 100. 
in ita relation to diaeaae and treat¬ 
ment. 30. 

In mental deficiency, 177. 

In mental dlaordera, 30. 

In pulmonary dlaordera, 17. 

In rheumatic dlaordera, 16. 
removal of, 144. 

atigmata of deficient activity In 
Idiocy, 178. 

Thyroldlam, til. (See Hfperthyroidta.'i 
ThyroldlUa, 106. 
chronic, 100. 

Thyroparathyrold apparatua, dlaeaaea 
of the. 174, >11. 

dlaordera due to deficient activity 
of the, 174. 

dlaordera due to eaceaaive activity 
of the. m. 

in general oxidation and Immunity, 
143. 

In Immunity, 013. 

center, pituitary body aa the seat 
of, 188. 
problem, 160. 

aecretlon aa activator of cellular 
phoaphoma, 161. 
an Wright'a opaonin, 183. 

Tic, cephalopin In. 78a 
Toualllltia, Infectloua, thyroid gland 
in. 711. 

Toxaemia, adrenal gland la, 768, 764. 


Toxic albuminolda raduotton of, ttt, 
401, 480. ^ 

goiter, Xa 

Toxlna, converaton of. Into benign 
producta, 880, 181, 408, 410. 

Trypaln aa the apleno-pancraatlc ae- 
craUon. IN, 406, 410. 

TubercnloalB of bonee, thyroid gland 
In, m: 
pulmonary, >7. 
adrenal apoplexy In, 38. 

Iodine In, St. 
pituitary gland In, 778. 
thyroid gland In, 7U. 787. 
treatment, St. 

Tympanic glanda, 68. 

Typhoid fever, U. 

pituitary gland In, 770. 
apermln In, 788. 
auprarenal gland In, 18. 
thyroid gland In, 711. 

Urea and Ita formation, 881. 

Urticaria, 14. 

Uterine flbrolda, mammary gland ex>. 
tract In, 786. 

hsmorrhage, mammary gland ex¬ 
tract In, 786. 

Involution, mammary gland extract 
In, 788. 

Vaccinea, 888. 

Vagal ayatem in cardiac functlona, 411. 

Valvular dlaeaaea, etiology of. 346. 

Vaporole, 767. 

Vaaomotor impulaea, the poaterlor 
pituitary aa the aource of, 607, 
698. 

Vital proceaa, the pituitary bodiea and, 
483. 691. 

VolTulua, hormone therapy In, 790. 

Vomiting of pregnancy, corpua luteuna 
in. 780. 

Wiight’a opaonin. thyroparathyrold 
aecretlon aa, 183. 

Yeliovr atrophy of the liver, acute, 
etiology of. 847. 

Zuckerkandi, organ of, 68. 
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